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This work* b«s«il oa raem it o t  sxaeliiBtioo o f eedlew ite,
iMlwtoa a d v U ilid  p«tracrapliie «nd fd v le  mta4r 9 t tim  Talehir baalder b«d 
in  th» DaaocUr Tall«gr 0»alfl« lii« . Tb» obamrvmtiaom of pr«vlaiw woiter*
MTO pttTttX/ ( |n a lit« tiv «  and baMd on la d ira e t  •vidano»s and erlUoria a t  doubt 
ftel n i te r* . TIm < |aafl^ ta iir«  d a ta  givan b f  tha  tu th o r im o r lc ia a l  and kaa 
baaa la ta rp ra ta d  l a  Um U flit. o f  t t e  svaulta  araildbila oa w»rk o f a  a la i la r  
aa iu ra  dona i a  o ihar ao aa trlo a .
AS a raaal t  o f th is  iaraati«ailoB  I t  ia  astaU islisd that tbs Tald! 
boaldor bod ia  ih s Darntdmr fallagr OcM lfislls la  o f oltia&to origia
i t  is  show that tvo glacial advsaoea took plaso duriag tha oarljr Talohir 
t ia s s . nw basal boaldor bod ia  a t««* t iU ito , bat tha « |^ r  boaldor b 
has booa rowogtod and tomsd ovor bgr i^ o ia l atroaas so that tho dobria 
raaoi^os aa outwaah dsposit. Tho dirootioas of ioo aovoasnt darlag th 
dopooitioa o f tho tao boaldor bods havo booa ostablishod and aa atiaapt 
boon aado to  raoonatroot tha sadieantologleel ooaeUtiaaa prorailing ova 
araa dariag tha oarljr TaXohir tiaaa*
II
P«M(U eoonts aad* In t t e  f l« ld  indie«t«  th a t  Urn «o&ra* firaotiao 
o f tiM bottldsr bod o c h ib its  a eo^pl«c and Yartad l l th o lo a r  and th a t tha  balk 
o f tha dabrla  l a  o f lo a a l o r ic ln . Xa i^ a ta a a tie  ra g im ttl T a ria tio a  l a  
lith o lo g y  la  M iioaabXa. RoandnMa o f pabblaa Md oobbloa mm dataradnad 
naing Kroobain'a v iaual a a tin a tio a  aathod. Tha valuaa of Man rooadnaaa 
in  tha  baaa l boolilar bad «ra eooparabla t o  thoaa o f tha  pebblaa and eobblaa 
l a  tn w  g la a la l  dapoalta . Tha pabblaa aad oobblaa o f th a  upper bouldar bad 
t fd  th a  ero8»-baddad horlaona vhiah raaadbla tha  g la a la l  outMaah diq»oalta 
ahow higher n tluaa o f aaaa rouadnaaa.
About o f tba pi^blaa aad eoM laa o f tha baaal bad a ra  flaV>
Iran  ahapad» vhila  o a l j  l a  th a  «n io r bad a ra  o f th la  ^»apa« Ttaara <toaa 
not a x la t  aiqr a lg n lf ia a a t rag loaal T a r la t l r a  la  th a  aaaa ^ la r la l td r  valaaa 
o f tb a  la rg a  paztlaXaa l a  th a  d lf fa ra n t  horlsoaa. Tha a tr ia t lo n  p a tta ra  oa 
fao a ttad  pabblaa ant oobblaa la  p a ra l la l  to  th a i r  long axaat tha  eoaraa 
p a r tio la a  o f tha  eroaa»baddad horlsoaa a ra  roundad and baar no a tr la t lo a a .
U ghty  a tfp laa  of tha  f ln a  f ra a tlo a  hava baan f b l l /  aaaljaad 
a la rln g  aad fegr tha  p ip a tta  aat)K>d and tha  iv an lta  have baan preaaatad l a  
hlatograaa* ouaalatlve eurraa aad l a  a tr ia n g a la r  eoapoaltloaal d lagraa.
Tha d a ta  h»i alao  baaa traa ta d  a ta t i a t l a a l l j*  Aa a ra a o lt  I t  haa bam  tmuA  
th a t  th e  baaal bad haa tha  ta x ta ra l  oa^M altlon  o f a  t lU l t a *  uM la th a  upper 
bad aad tb a  eroaa>beddad horlaona raaaabla g la a la l  oatwaah dapoalta . Thla 
aooelualoa la  aorroboratad fagr a p a tro lo g lea l atitdjr o f tha  f in e  f ra a tlo a . Tha 
heavy a ln e ra l ao lta  o f tha tw> boulder bade ara a la l l a r .  Zt l a ,  tharefo ra , 
In fe rtad  th a t  th a  provenanaa o f th e  two beda l a  the  aaaa.
mn »  o riaB ta ilan  o f  3000 lo i«  tatm» ^  p«M Im  and eobbiM has baea 
M aaurad. Tte Aafca i s  pr«Mi4;«l in  sM l-a irs ttla r  histognriw  and i a  aootattr«d 
fa lirl«  d lagraee. Tte o r i« ita i io n  d a ta  lias a lso  biwn a ta tis t is a U jr  traa ta d  
and tha  a m i d ivvation o f p rafa rrad  o ria n ta tio n  has baan datarainad . n ia 
falude  o f tha baaal bouldar bad raaaablaa th a t  o f t iU a  and ind ioataa  a 
d ira e tio n  o f ioa ■or«H nt. tim  fab rio  of th a  i^spar bouldar bad ia  a a a a n tia l lj  
a ia i l a r  to  tlia t o f f lttT ia l gravala and ahOMa th a t  tha  aadlaant wm trMiq>ortad 
f ro a  tha M at to  a aa t. Tha croaa-baddad horlaona i ^ v  T ariab la  faibrle 
{Mttama« bat tha a>an d ira a tio n  of p rafa irad  o ria n ta tio n  ia  th a  aaaa aa th a t 
in  tha tqipar bad.
Za th a  l ic h t  of thMM fa a ta  i t  ia  ooneludad th a t  tha baaal bouldar 
bad ia  a  tn ta  t i U i t a  and waa dapoaitad by an ioa shaat ti^ieh had aorad in  
f ro a  th a  north>«aat* Tha ahalaa and aaadatoiiaa aaparating tha  t«o bou lia r 
bada Mara dapoaitad in  g la c ia l  lakM  a f ta r  tha ioa ahaat had mcadad. A 
aacond ioa  irtiaat than »>Tad in to  the araa fro a  tha waat and dapoaitad tha  oppar 
boaldar bad « h i ^  waa raMorkad bgr th a  g la a ia l atraaaa* Tha oroaa*
baddad hsriaona n ^ ra a a n t tha  ooaplat a ly  Maahad and raworkad portiona of tha 
uppar bouldar bad.
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IHTBODOCnaN
Tha QondMBa has « utticfM p o sitio n  in  th s  sira iicrap lq r of
In d ia . Hoi oaAjr do«s i t s  litiM logjr antf aods o f fo raa tio n  stand in  ntfksd 
cKMStrast to  o tiw r fo m a tio n s , i t  a lso  y is ld s  a n t  o f  th s  anonal prodn»> 
ti tm  of e<MiI in  th s  eouatry . Xt i s  not surprising* tlM rsfo rs , th a t  th s  
GondMOiasj ^ is o ia U j  th s  coal-bsaring  s tra ta*  rtMuld havs rs e s ir sd  moh 
^ tM t io n  o f ssAwartt gsoiiagists.
S sv ira l valmflias eontrlfantions M rs  aads bgr s a r l i s r  worksrs tovards 
s ln e id a tin g  th s  ooaditioas o f dspositim i th s  Ooodwana ssd iaad ts (BUnford 
& oMmts i356| Hai^MS  ^ td67l Ball* l667$ CQLdhu, 1893} Sia^psan and BU1« 
l922j JoM tt*  1925» f m ,  t«30, i93kt Om, 1932). Thsss s ts d is s  s s r s  < |u l i -  
t a t iv s  and b«isd ssasnfcially on in d ir s s t  srid snoss fo r  th s  rsason  th a t  aost 
o f th s  aodsm  tsshniquss o f  stvdjr o t  ssd insn ts « srs  not availidsls to  th s  
s a r l i s r  vorlcsrs.
S tudiss on aodsm  l in s s  towards a c ls a r s r  n a lsrs tan d lag  o f th s  
Qondvana ssdJLasots stNSBWosd fll>aat th s  y sa r  1936. lh a ss  lAudiss e ra a is tsd  
o f hsavy sd n sra l dstsndLnation o f  a  f s v  fo ra ^ io o s  o f  th e  eoal nsasarss 
(Rogr and Sharaa* <936), and p s t r o ^ i 4>hie ia r s s t ig a tio n  ino ltyl i ng s h ^  and 
s ia s  analjr>«B o f sandst<mM (Sogr* I9W>} Ssn and Raar (^ lOMdUmxy*
3mn, t% 9 ). Raoantljr in p o rtan t coatribirt^itma hars bssn nads t o  oar 
taioiiLsd^ o f Uis palasomurrwSb flgpstsa (taring th s  Ooodwana pariod (Jaoob, 
|952 | Jasob it o th s rs , i959{ (kmju ft SriTasta'ni* t959f O tfflo li, t960).
Sons v a ltta tls  in fo n K tio n  i s  a lso  aTailidiXs daring  th s  Gondaana psriod  l a  
th s  d i f f s r « i t  p a r ts  o f th s  eooatry  (Rao, |957 | Jasob ft o th « rs , 1959). I t
(2)
i t  li^M rtant to  no t« , hOMtvar, th a t  th«M  stud lM  war* aaiiOx lo e a l l a  
«h«ra0t« r  s a t  d id  not a tt« a |it t o  g iro  •  u n iflod  {xlettiM o f Um Qosidiittiia 
a«di»>nt«tioii.
I t  i s  obrioiw t l u t  no s l n ^  ttm itrilw tioa  oaa possib ly  so I ts  a l l  
th s  protlsB s p s rta ia in g  to  t t e  OoodMOa 8sd ia»atB ti« i. N rrsrU islsss aa 
« tts^> t has to  be Bad* to  sgrstsaatiM  the  stadjr aa l to  extend i t  on a 
regional b a s is  so th a t  ooneluslMw o f m m t s ig n if ie aa ss  magr m erge .
Xrlshaan (l958* p* 493) ▼erjr rlg jh tly  s tre e se s  th a t  *Hletalled s tud ies  shetOd 
now be vadertalna fo r  d e te ra liiiag  th e  eoarsee o f s e d ia a its  aal th e  d iree tio o s 
o f d raiaags as th q r w U l help  us undsrs taa i the  s tra tig ra p h ie a l  aal s tru o - 
tu r a l  fea tu res* . The p rseen t stedjr i s  aa attem pt l a  th e  saas d lT M tioa.
A lthott^  th s  w itire  Ckmdtiana sy s te a  o ffere  exee llan t opportvaitiee 
fo r  d e ta ile d  eediam tologlB iil st\idiss» th e  T aleh ir boulder bed wee eeleeted 
fo r  th s  purpose of t h i s  ia re s t ig a t io a  fo r  th e  fo llo td ag  reasoiM i-
t .  I t  e o o s titu te s  th s  bottesiraost bsd o f  th s  Oondmna s x i ts a  l a  
s U  th s  c o a lf ie ld s  o f INMiinsalar la d ia  sad, UM refore, e^a ta ias 
a possib le  e la e  to  th e  i^9s is a l»  e l i a a t i s  aad g e o l i^ e a l  
ooad itioas p rev a ilin g  a t  th e  beginniag of a g rea t 4yele o f 
8sdiasatati<m .
2 . Ths T aleh ir boulder bed has bsen i»ed as aa "ladsK" l» rlso a
i a  th e  str«tigri|>h3r o f  lad ia  aad has tta is  beea «ssd fo r
oorrela tioB  porpoees.
3 . A sgrsteaatis stodjr o f  th i s  to r is o a  has bsen aegleoted eo f a r
(3)
althotti^  jbt eooBtltttta* mm o f %tm momt IntcFMitiiig un iia  
o f %hm Goodiwana vystMu
4> For aagr q r s iw a i lo  siu ttf of tbm Goadwnas, iX im n»c—«tffy 
to  dioal id th  th«  d l f f o m i i  fo m a tlo a s  M paratoljr* Tho 
(ddort o iilt ifoald bo tlM aoot aolfcaKLo etioieo.
In  ordor to  teop tho problMi Wltliia d o fiiiito  l l a l t o ,  and f o t  to  
a a in ta in  I t s  roglonal eharast«r«  i t  was doeidad to  in ra a tig a to  th ia  lOMoat 
u n it o f the  Gkmiwana aacfoanca in  th a  HaniganJ, Jharia» Bokaro, R«agarh aad 
•Mrth and Sonth laranpora m a lf ia ld a . Fox (l934» p* 75) haa graupad thaaa 
e o a lf lA d a  toga thar and daaignatad th aa  eoU aetlvaljr a* th a  "Danodar Vallagr 
CoaXfialds'', lh a  bouldar bad ia  vary « d ll  aa^oaad in  tbaaa eo a lfia ld a  iM ab 
fo m  an a laoot oontinaooa ehain  from  aaa t to  «aat fo r  a  d iataaea o f aboat 
t68 n i la a .  P n rth a r, aoata o f th a  I t f g M t wad momt produativa ooalfla lda  o f 
tha  eaoflti7  arm Insladad i a  th ia  ffraup.
Tha hatarogaaaoua o haraa ta r and th a  vaiy  wlda ranga of a iaa  of tha 
p a r t ia la a  th a t  o o n a titu ta  tiw  boaldar bad randar i t a  otMdjr ra th a r  d i f f ia i i l t .  
Hm problaaa o f waathariag aad th a  in a o o a a a ib llit j  o f  aanraral o a ta r^ a  in  
aany o o a lfla ld a  araata*  fU rthar d i f f i r a l t i a a .  Bat fo r  thaaa draWbaaka 
ih io  horiaM  providao a l l  U iat i a  naadad to e  an id a a l aadtaanto logieal 
atudjr.
Tha f ta ld  work i a  oonoaatioa with th a  praaant at«d7 was earriad  
oat in  two atagaa. Tha Tariooa axpoauraa of tha  booldar bad i a  th a  Kaniganj* 
Jh a ria  and Bokaro o o a lfla ld a  wara axaainad i a  Qstobar and ltor«ii>ar 1950*
(U
TiM Rtt^arh and Noarth and South Ksranpttra eealflslx le  tmfm Y is lt« l  i a  
D«eMb«r 1958 and Jtfm ary t999. Oaring two v i s l t s t  a U  tiw  ii(>ortant 
and aee«MildL« o a t o n ^  9 t tha  boulder bad mvm exemlned.
Za ordar t o  fa«lJLitat« th a  f l« ld  and labm ntofy  ionraatigatioai, 
thB ooaraa datarla and th» a a t r lx  o f  tho bouldar bod wara aocaaliiad a a p a n ^ a l/. 
Tho d iv id ing  U a a  batwaaa th a  ooaroa aod f ln a  fTaetlcma m u  ehoaan a rb ltra r  
r l l x  « t 4 • ! • • •  P a r tle la a  la rg a r  than  th la  a laa  w ra  atudiad v lth
rospoet to  t h a l r  U thoIogf» raundnaaa* «hapa« ao rfaea , tax tu ras  and fabrle* 
lithologlaaX  atndlaa wara nada l a  tha  fl^Ld wlUi th a  h^Lp « f pal>bila oooata 
a t  oaoh aoq;>o(Rira t ld lo  Kntil>aia'» <l94l) atthod  wan UMd l a  th a  f la ld  f« r  
th i  do tara ina tion  o f roundnaM oif fiu arta lta  paM>laa i a  th a  bould«r bad. A
f  akrio s tu d / was a lso  aada l a  the f l ^  by aaasoriag  th e  o r l« A a tio a  o f 
3000 long axaa o f  rodn^uqiad p a r t le la a  l a  ae aaagr aaq^oaurea o f  th a  bou ldv  
bod an wae poeeib le . The d a ta  obtained f ro a  th e  dlKvre etwUee m e H a t la -  
t ln a l l j r  t r e a M .
P a rtle la a  a a a lle r  th«a  4 nm. i«ere ooaeidered ae fo n d a s  th e  f ia e  
f ra e tio a  o f  the  boulder bed. No f l a U  etady vae w de <m th ie  Araetioa but 
o a re fttU j ehoeea eam^ee were eoU eeted fro p  each ou to rt^  and atudiecl l a  th e  
lab(Kratos7  w ith reepeot to  t h ^ r  MiehaBleal eo^Kwltioii* a le r o p e t r o l i^  aad 
hee^x n in e ra l eontant.
The aethoda o f eanpHag» f ie ld  m aeoraaaBta and te^n l< |aee  oaed 
In  th e  p reeeat atu^jr have been deeerlbed in  d e ta i l  elaewhere.
The «Bthor ban a tte ^ s te d  to  work out th e  probable w ig ia  o f the
(5)
T alehlr baiUd«r bad. This ineJttdas t to  s tu d j o f  th« provmuaiomt the aod* 
and d lr« e tio o  o f ao ili—n t trsiMiport «ad t in  na tam  o f tbo basin o f dopositiM * 
I t  la  hopod t h a t  th i s  a ltv A j, I^M d on aodoni sodiM ntarjr toehaicpMB, iiaald 
M b a ta n t ia l l /  coo tribato  tonarda a  b e tto r  undonitanlliig of problMm o f 
w diaaD tation  in  tho Otfndar V allqr rogion a t  tiM rmry boginnioK o f tho 
Owvlmna porlod.
Tam «Bth9r lo a n it  tho roeont toehniqooo aod M ttodo o f tho atu4]r o f 
sadiM ota waOmr tha  lAila guidanea o f Profaaaor r* J .  P a ttijo h a , P roftaaor o f 
Qmology, Jo lsa  Bopklm  U oiv«raitj»  BaXtiaora* O .d.A .t idiara ba want aa a 
a^ tb -lfam lt «nl ru lb r ig h t graObaa in  1956.
Tha Mork has baen oarrlad  o«t in  tha  Idborato rU a o f th a  Oaologjr 
OapartMRt* Aligarh M ialla Onivaraitjr* Aligarh* uadar tha  abla  guidanea of 
Profaaaor P.M. OaiO«t (Ourhaa), Ph.D. (bMkaom), A .M .I.H ia.S., P .O .S .,
P . i f . I .
Tha anthor ia  Indab tad to  P rofteaor OaiOtt fo r  k iadly  aaggaating tha 
I»roblaB and o ffa rin g  eonatant guidanea* meoaragaNmt and help throughoat 
tha  tiork. Si i s  a lso  gratafte l to  h is  ana t i a a  taaohar* Profaaaor F .J .
>
P attijohn  and to  Or. ft. T a ia h w lla r  of Urat Ganaflgr, vho hava offered halp fo l 
aoggaationa tfod e r i t i e i a a .  Sineara thanks are  alao due to  hie eoUaagaea*
H r. S.H. ilaaul. Dr. S. Ahaad, Mr. I.D . Pant, Mr. S.M. Casaiigrap and Nr. Athar 
Haaain fo r  t h e i r  rmmSj eooperaticm and attroaragaM nt throughovt th e  vork.
asoLM i OF r m  danqdar V4I lh x  C M ii''i£ii)s
CtUPTSS 1
Tha naa* "Gofxtvsna m s proposed by H.B. MBdlleott In
lfl72 ( • • •  ii9llanl» 1926, p . 78) f« r « th ic k  p ilo  o f freeh  watar s«diM i*a 
ranging in  trom  Upp«r GArbonif«raas to  la m r  Grvtaoooas. Tho roeks 
o f th is  flsjrvtoH aro Tariod in  oharaetor and lith o Io g 7 and co n sis t of 
t lU l t s B ,  e o i^ o o s r s te s ,  sandstonas and sh a lss  td th  in ttfrcalatod  coal 
seam .
Th« aods of fo raa tio n  o f th s  Oondwna ssd lasn ta  has bsan a 
■ a tta r eontrovsngr sinea long. CfLdihaa (l893» p* I5 l)  aaqarassad th s  visw 
th a t  th ass  roeks wsrs o f f lw r ia t i l a  o rig in  and th a t  th s  sad ln sn ts  Nsrs 
dspositsd  in  la rg s  r iv s r  vaU^grs. Fck (l93t» p< 47) favours a la e u s tr in s  
o rig in  fo r  th s s s  ssdim snts. Ths roeks of th s  UaaodAr Tsll«ir e o a lf is ld s  
havs bsen eonsidarsd tagr hiai as bslng forssd in  an sastward aKtonsion of a bssin  
aoctsnding probably fro a  south Hsvah upto th s  Assan KiJBBXayas.
Ths s tru o tu rn l nature o f tb s  G<MidiMna basins i s  a lso  d ispu tsd .
SLanford k  o th a rs  (l856) and OHdhaa (l893» p* 153) bslisvad  th a t th s  
GondMana e o a lf is ld s  oeou|gr a rsas o f daprsssion  produosd a f t s r  th s  dspo- 
s i t io n  of th s  roeks. Slnpson and B all (l922, p . 2) favoursd tha v iav  
th a t  th sss  e o a lf is ld s  rsp rsssn t ’^ tts in s  o f o rig in a l dsposition" a t  sons 
p laces, Mhils a t  o th srs  thagr a rs  p rassrrsd  dus to  fa u ltin g . Grsisbseh 
(ld0O, p . 12), JoMStt (1925> p . 139), Qss (1932, p . 27} 1941» p . U) and
(6)
(7)
Krishnan i%956,  p. 303) arm o f thm opinion th « t o rig ln a lljr  tho  CkxKlmna 
■Bd1—nt.«tlon uu»t tuivs oxtonied o w r la rg s r  t r a c t s .  Pox (t934> p> 23)» 
on tho  o ther hand, ba lisvos th a t  thoso basim  wars block fau ltod  And th a t 
th« Oondwtfia sodiM iits war* deposited in  thoso «mU dofinod s tr a e tu ra l  
basin*. '*d ia  (l939> P* 1 ^ )  a lso  holds gonsniUjr tho viow txit 
stfttos th a t  "soM o f th s  bouniaxy f a u l ts  may bs o f post-Gondwana ago” .
Ther* a rs  two l^portnd t fsa tu ro s of th s  Oondwana rocks in  th s  
Oaaodar vollagr rsg i^n  th a t  dsssnns ■anti'W. Tlis f i r s t  Is  th s  sharpljr 
fa iiltsd  UAturs of th s  southern boundaiy o f a l l  th s  e o a lf is ld s ;  the  f a u lts  
run a lao st p a ra l ls l  to  ons another in  a l l  ciiSM and ars« in  tium» oo- 
inoidsrtt with th s  fo l ia t io n  o f th s  bassaMOb Arohasan rocks. Ths throw 
o f th s s s  fa u lts  i s  eonsldsrab ls and has bssn ss tia a to d  b /  Gss (t932, l914t) 
to  bs of th s  o rd sr o f 9000* and 5000* in  th s  tianisanj and Jh a r ia  co» lfisIds 
rM psotivflly . In  sosk e a s l f i s ld s ,  as in  th a t  o f Bokaro, th s  northsrn  
boundai7 i s  a lso  fa n ltsd , but th is  f a u l t  i s  nsvsr as praainsafe as th s  
southarn ons. Gss (t9Uf» p . 4 ) th inks th a t  th s  fa u ltin g  took pl-^cs during 
tha Mssoaoic t i a s s .
Ths sscond in t« r« s tin ^  fsa tu rs  o f th s  o a l f i s l d s  i s  th s  oecurrsnes 
of m asrous u ltra b a s ic  d jk ss and s i l l s  which havs inrnded th s  s n t i r s  ssc;u«(ics 
o f th s  ssd in sn ts . Oss (f%1» p* 6) oontidsrs th s s s  to  be cIm isI/ assooiatsd 
)4.th ffd ilting  of th s  OondwamtS during th s  .*tesoaoie t i a s s .  A sscond tjrps 
o f intiuB ion in  th s  form  o f d jkss and s i l l s  of d<d.sritic and b a sa ltic  
coaposition a lso  occurs in  ttis  e u a lf is ld s .  Oes (lo c . c i t . )  considers 
th a t ths d jkss and s i l l s  o f d o ls r i t s  and b asu lt n rs jroungsr than  th s  u ltr» -
(8)
bavle Intrualotis sad a ta tM  th a t the tormar "probnbly r«pr«»«nt t t e  
lOtnwlYtt phnse conrMOtad i«Lth th« Deeenn trap  vulennlcitjr of th s  
PtfniBMla"*
An outUnB of th« goologjr o f  thes*  eoaXfields based on the  tiorim 
o t Hashes (ld67)» &01 (t867), SiJipean itfid t a l l  ( l922 ), Jo ^ e tt (%925), 
Fok (l930, 1934) and Oee (l932)» i«  gbrm  belov. A geologioAl aap of 
tiM e o a lf le ld e  la  reproducwd In F ig . t .
KAXIOAMJ COaIFIIOD
Thia eoelfiaXd la  locHted about 130 K llea north~ueat o f Calcutta 
between the  enat longitttdea o f 97°3S* and 07^20 (m th e  extrene eaatern  
end of the  Daaodar Valligr G oalA elda. The 0<Md««na roeka oorer an area 
o f about 600 BQ. a l le a .
According t a  Oee (t93^« p> 2 t) ,  the  general a tratigraj^tile  aecitenee 
in  th ia  o o a lfie ld  ia  as fo l lo w  t -
aeoent and 3ub-reeent Alunriua »nd I s t e r i t e
Upper GondMana Sopra Panoheta 1000 Feet
Lender Qoadietfia
Panohet S eries 2000 ••
Rani^iO  M aaures 3400 *
Ironat ^ ns shrJea 1200 "  
Barakar aeftsures 2100 "
T alch ir S eries 900 «
Oawda Series
(9)
Tha T nlchirs arm exposed aalnljr towards th e  iw rthsrn  bound 
o f tlw  b a a i n .  Om ( 1 o c » p i t , p. 23) has roportad th i  ocoarrciic* o f  
m i l  pntehes of T aleh lr rooks along tho southern boundnr/ « lso  but thoso 
exposures ;vre s n a i l  snd in si^ itifioA at. The bulk o f the  T aleh lr se rie s  
co n sis ts  o f grm a  a rg illaeeous sandstonss ami o live  ^^een ^>lintsr]r 
shflles. The boulder bed a t  ths ba«e of t h i s  se r ie s  i s  exposed in  the 
ftortheast com er of th s  basin . Th90m outcrops are  ^jsneralljr •■ a ll and 
of no g rea t tttlcknass.
The Barakar asRsarss c o m titu te  th e  lowest su b d iris io n  of the 
Osauda s e r ie s  and eo n sis t o f an a lte rn a tin g  se-iuenoe o f sandstonss, shales 
a»l 00*1 seaas. The ironstons shales ean s is t e s s e n t ia l l /  o f elajr iro n - 
stones and blaok oarbaaaeeous sh a le s . No eoal has been rep<nted fro a  
th i s  h o ilssn . The rooks of the  AaniganJ aeasures do not d i f f e r  aioh rrom 
those o f the  Barakars in  th e i r  lithdloigr*
The rocks of the Panchet se r ie s  r e s t  over th e  R^miganj MaBttres 
in  th e  c m tr a l f  eaa tem  and souttism  p a r ts  of the c o a lf ie ld . The lo n er 
p a rt o f th is  se rie s  c o n s is ts  o f green shales and greenish brown sandstones; 
the  upper p a rt i s  coaprised o f a  th id c  se^Aaenoe of sandstunss ani rsd shales 
with in teroalftted  Wiite c la y s .
Ths only u j^ e r  Oondwana rodcs in  th is  f ie ld  are the  Supra Panohets 
i^ ieh  occur along i t s  southern boundaxy* capping svvmral h i l l  to p s . This 
se rioa  co n sis ts  o f coarse pebbly sandstones i<Lth bands o f red clajr.
D d e r i te  dykas and s i l l s  o f ■ iw i-perido tita  are numeroua in  the  
f ie ld  and hnve resu lted  in  a la rg e  scale  d e s tru c tio n  of th e  coal seaaa.
(10)
Th» Ciondwnrui sedijBnts In th« aastorn pturt of the f is ld  nr* oov«r*d 
and l a t a r l t l e  gravels. TtMM hare besn eoosldersd iteoenb 
and recant in  age.
The e<Mittem boondary o f  the  f ie ld  i s  eharply fau lted  against the 
Arehaeans and th e  throw of t h i s  f a u l t  has been e s tla s te d  bjr Gee (1932, 
f94l) to  be o f the  order o f over 9000 f e e t .  His d ip s o f the sediMBntaries 
show a soatherlgr in s lin a tio n .
Mehta (l956) has resunrogred th e  f ie ld  recen tly  but h is  vork concerns 
■aiiily th e  sapping and o o rre la tio n  o f eoal seans.
JMARIA COAIPISLD
The Jh a r ia  o o a lfie ld  co\r«rs an area o f about 175 vq* tniles and l ie s  
betwsen 0 6 ^ *  and 86^30* east long itudes. I t s  easternboundarar i s  only 
about t6 Ddles frcw the west«rn l i a i t  o f the  Haniganj c o a lf ie ld , Nhile i t  
i s  separated from the Bokaro c o a lf ie ld  on th e  wMt by a tw i n i le  s t r ip  of 
Archaean rocks.
The s tra tig ra p h ic  sscfuence ae given by Fooc (l930)« i s  as fo llow st-
Loi«er Gondiiana
Hanignnj s e r ie s  
Barren aaasures 
Barakar se rie s
T alch ir se riee
ietf> fe e t 
2080 • 
aooo "
800 ■
(11)
1h« ania ooeapi«d by th e  T a le h ir  ro ek s  i s  a a a l l  a» ooflparad to  
tha to ta l  a i« a  of tha  0<Mi[iHBna aadlaanfea. T hair l it te lo g jr  ia  ^ n a r a l ly  
tha  Sana aa aaan in  th a  Ranlgaoj o o a lf ia ld . Tha bouldar bad a t tha baaa 
of tha aarioa  aa aa tlaa tad  by Fox il9 3 0 , p . 2 5 ), ! •  about 50 fe a t ^ e k .
Tha roeks of th a  Daaada s a r la s  arm vtarj a i a i l a r  in  lith o lo g y  to  
th a i r  eouiftarparts in  th a  Haaigai^ ooB ifia ld . Tha o ldd ls d iv is io n  of 
th ia  sa r ia s  has baan taraad  **Barran Miasuras" bgr Pox (loo . c i t ») in  
prafaranea t o  ■*lronstona ShaXas* o f tha  RanigeAj coalflaM  bacAoaa tru a  
iro m tJn a s  ara  ra ra  in  t h i s  f i a ld .  Ifonavar, Mahba aial Iterthar (t9$7» p> 7) 
havs soijgastad th a  usa o f tha ta rn  "Jliddla Maasoraa" fo r  th is  d iv is io n  in  
viaw o f the  fa c t th a t  i t  i s  not a n tira ly  barran  as th in  eoal saaas occur 
ooeasionalljr. Tha sendstooss of th a  a an l|;an j and B arakar groupa ara  vac7  
s i n l l s r  in  litho logy’,  ta x tu re  and c>)^positiim and ara  o ftan  indistinguiahabla 
In th a  hafld apaeisMn. Rqgr and Shanaa (l936) hava, howavar, ahown th a t 
vaiy a ig n if ie a n t d iffan m eas a x is t  in  th a i r  haavy adnaral oontanta.
Hora ra o a n tl/  Jacob and othara (l959) have nada a aedlBMitoI<^ieal 
study in  p a rts  o f Jh a r la  and East Bokaio e o a lf la ld s  a td  hava o la sa ifia d  tha 
Oonwana rodcs of th sss  arM s <m th a  b asis  of fa c ia s . Thagr hava also datar> 
sinad tha p s tro g ra i^ c  c h a ra c ta r ls t ic s  of the  ind iv idual fa c ia s .
yo s t r a t i f i e d  rodcs youugar th an  th a  Ranigan^ s a r ia s  ara  foonci 
w ithin  th e  H a l t s  o f  t h i s  ooa lflsld*
Ignsous iflferusions o f th a  sam  nature ss rm nd in  the HanigaiO 
o o a lfia ld  occur abundantly in  th ia  basin  a lao . P e r id o tita  dykes and s i l ls *
(12)
Aooordlng to  Koac (lo e » c l t .» p . tt3)»  occur e lo ss ly  assoein isd  with ooal 
Maas ani fau lts*  D alerita djrkes, cm th e  other hend, cut aecross the 
•tratA  and a r t  apparentljr uno'xnaoted with s tru c tu ra l  fea tu re s .
The southern boundary o f the  f ie ld  i s  sharply  fau lted  bringing 
the roeks of the KanigaiO se riee  in  Joxtapoeiticm  id th  th e  Arohaeans.
The throw o f t h i s  f a u l t  has been e s tia a te d  by Fax ( lo e . c i t .« p . 147) 
to  be about $000 f e e t .  The n n ^ h em  boundaiy of th e  f ie ld  i s  a lso  c r is s ­
crossed by nuwroue s m l le r  f a u l t s .  Fax (I j c . c i t .» p . f$3) a lso  aHiitions 
th s  oooirrenoe o f "severa l a n tic l in a l  or doae-like fea tu res  and of 
e o r r e s p ^ in g  sync lina l o r t r o u /^ l ik *  i r r e f u la r i t i e s  In  the aa in  sLructural 
basin  of the Jh a r ia  e o a lf le ld ”.
BOKAHO C MIFIKU)
The GondMana rocks in  t^ds c o a lf ie ld  occupy an area o f about 220 sq. 
■ lie s . The c o a lf ie ld  s tre tc h e s  f r^ a  e a s t to  west fo r about 40 a i le s  and 
i t s  avwrage «ddth f r ^  nenrth to  south i s  about ^  a i l e s .  I t  i s  separated 
tr^m  the Jh a ria  c o a lf ie ld  in  the e a s t by a  tw o-aile  s t r i p  o f the Archaeans 
and fro a  th e  ^hirth Karanpura co n lfie ld  <xi the Mestem sid e  by a narrow 
s tre tc h  of about one a i l e .
A c c o r d t o  iit^ ise  (tS67)a the  succession of th s  (JandwRaa s t r a ta  
in  t i l l s  fi<Ad, i s  as fo llow st-
(13)
pRiioiMt 5«rl«s
Opp*r
lovar
OamnU Strttm
Ranigaqj Oroup
lro n i t  >iM shal« nroup
Burnkftr Group
Talehir S erlta
Tt«i Ar«a aem plod by ttm  T a leh ir rocks is  vsxy saudl as eosfMursd 
to  th s  t o t a l  ATSft o f tiM OondwDA ssdijwnfcs in  th is  f i s l d .  Ths rocks of 
th is  s s r is s  occur oainljr <m th s  and SAstsm ends of th s f i« ld ,
though nuMrous s—11 exit l i a r s  o f th s s s  rocks are  a lso  found along th s  
no rthsm  boundfiTy. Aa^ws (Ice . c i t »« p. 6 ) H ssi^is a th ickness o f 500 
f s s t  to  th is  s e r ie s  in  tb s  Msndo-lndrajabar s sc tio n . Ths cxposnrss of 
th s  bcu ldsr bsd a t  th s  bass o f U iis s s r i s s  nfs vsiy  poor in  th s  s a s tsm  
pnrt o f th s  f i s l d ,  s h i l s  t to s s  on th s  w sstsm  a id s , th o u ^  somI I  in  a s r ia l  
sx tsn lj  a rs  good.
Ths Damda s e r i s  l i s s  uneonforaahly over ths u n d srljin g  rooks. 
Thsrs appears no tinoonfara itj b«t«issn th s  lo v sr  and th s  a id d ls  subdiTisi<ms 
o f  ths DaSKlas, but th s  Ranigs^j group o f rooks l i e s  sUgtrt;ljr uneonfomabljr 
ovsr th s  Ironstons i^uilss.
Ths Pawdiet se rie s  i s  a lso  uncanf<nr»nble to  th s  uadsrly ing rocks.
(14)
Aeoorllng to  Hoghas (loo . o l t .»  p . 69) ttM uppor p a ri o f  t h i s  so rioa  a a j 
b« oorrdlAtad with th s HKhadovftS.
Bath ttw  northern «nd southsrn  boundarlaa o f t h i s  c o a lf ie ld  ara 
fau ltad  against the Arohaeane* the northern f a a l t  being aore proainertL.
P<» (f934« p . 130) i s  o f the  opini<m theit **the o an lfie ld  has been preeenred 
taor th e  t r o u ^  fa u ltin g ”* Pykes of d o le r i te  aad a le a  p e r id o tite  are  eom m  
and have wdvereelj nffeoted the ooal seaae. R eoentlj Casahgrap (i960) has 
noted the oecsurrenoe o f aoae e la s t ie  djtees l a  the Barakar rocks o f Sast 
B i^ ro .
iUJGARH OMlFlSli)
The Rai««rh c o a lf ie ld  which l i e s  between 85^30* and 85*^5' east 
longitudes^ i s  th s  sstn llest aaong th s  Otfsodar ValliQr C oalfields and occupies 
an area o f only 40 sq . a i l e s .  I t  teas been naasd a f te r  the tottfi o f Ra^garh 
ii>ieh i s  located  a t  th e  ex treaa western end of the  c o a lf ie ld .
The succession o f th e  Qondwena rocks in  t h i s  f i e ld ,  as given fcgr 
a^U  (1867), is  as foU ow s:-
Oawda 3eriee
Saniganj Group ?
Irm sto n e  shale (k'oup t2CX> Feet
awrakar Group 3000 ? ••
T aleh ir Sexles 850>900
(15)
Thtt best axposttms o f th« TaXehlr roelu» occur a t  th« northern t ip  
o f th e  f ie ld  as wsU as along i t s  easte rn  boundarjr. A few Iso la ted  patclies 
o f th ese  roc la  a lso  oociar along th e  northsn i and southern boundaries o f 
the c o a lf ie ld . Sxposures o f th e  boulder bed are exoelled t in  the northern 
oeeurrenoee bat else%ihere thiqr »re porv. The general charaoters o f these 
roeks a re  e e s e n t ia l l j  the saw  as observed in  th e  o th«r c o a lf ie ld s .
The Barakar roeks overlap the  T alch irs  over a p a rt o f the
e o a lf ie ld  and occupgr as m ch as 90jL o f  the t o t a l  area oov«red by a l l  the 
Qoodwuia fo raa tio n s . The eocpoeures o f  the Xronstone shales and Hanigai^ 
group o f rocks a re  vesy s a a l l  and th ese  occur a t  the  western end o f the 
c o a lf ie ld .
In  covaon v i th  the  o ther c o a lf ie ld s  of ths Oaaodar Vall«ar« th e  
southern boundaxy of th i s  f i s U  a lso  i s  sharp ly  fdo lted  against th e  Archaeane. 
The sed iaea ta rie s  have a lso  been invaded fagr 4jrkM lud s i l l s  o f d o le r ite  and 
■ica p e r ld o tite .
KAHAilFUlU COaIFBLOS
The Karanpttra coalfie ld s*  ly in g  a t th e  extreiM Nostem end of the  
Daaoder Vallegr Coalftelde* are  two separate  basins o f GondMana rocks 
coimeoted w ith each o ther bgr a nsnrow patch of T alch ir r  xdcs. The la rg e r  
o f tlw  two U ee to  the north and i s  crJLlsd the  iforth Karanpura c o a lf ie ld , 
iih lle  th e  s a a l le r  one« s itu a ted  a t the  sou th -easte rn  corner o f th e  forM r*
(i6)
! •  f iw r w i  to  as th s  Sooth K«ran|»tr« ooalflB ld . Th« eoabinod a tm  of 
th« t«o ooe lflo ld*  i s  about 550 «q. a ilo s t th a t  o f  th> w a l lo r  om  aloM  
baing only 75 aq* a i l e s .
Aeeording to  4o«a(tt (f925)» th« faU ovin^ Mcpianoa of th a  Ckandvmaa 
rocks ooours in  thasa f i a ld s t -
Upp«r OondMana Nahadava Sarlaa
lOMir CSoalwna
Pane hat ^>arlaa
DidBida Sarlas
T aloh ir Sarlaa
RanlgnnJ ataisa 
IroBStona shftla s tag s 
Burak»r s tag s
Karharbari staga (7) 
T a l ^ i r  s tag s
Ths T aloh ir rocks a rs  bast szpossd in  Uia n rsas araand Klsroul 
afld Rais In  th s  nozth-w sstsni and soiithsm  portions of th s  Uoeth Karanpura 
c o a lf ls ld  raspsetlY sljf. Hoaarous swnll patehss o f th sss  rooks a lso  ocoor 
a t v rtIo o s p laoss along th s  northw n and s n s ts m  boandazy of th s  f l s ld .
In  iiouth Karanpura* th s  T alch ir soqposurss a rs  gsnsralljr poor and insignlflor«nb. 
Ths outcrops o f th s  bouldsr bsd in  th s northsm  f l s ld  a rs  saoBsHsnt^ bat 
in  th s  sottthem  f l s ld  th s  bouldar bed i s  poorly eocposad.
Ths rooks of th s  Daaoda s s r i s s  nrs vsrjr msII dsvsl<q}sd in  both 
th s  e o a lf is ld s  and eovsr ths is rsa tss t a rsa . Foot (l934t P> 137) p rsfs rs  
th s  t s m  "Barrsn Msasurss" fo r  th s  a ld d ls  d iv is io n  o f th s  Dsasdas fo r tlw
(17)
r«ftSon th a t  tn as Iromtonma ar» bur no M«n» eliA raetsrlB tle o f th i s  group 
o f roeks.
Th* Panehai l i e s  unoonfan&ahl/ or«r tho R«ni^AAj group and
is  d«v«l<^Md a t  th s  base of tlw  proainsn t hilXs in  th s  Horth KarniHMra
eoBlflsXil* This M ri« s i s  o rs r ln in  tagr th s  Nahadsvas, which hew  be«n
o n s id s rs d  as siuiyalBrits o f th s  3i^Mra P sn d » ts  o f th e  RanjgarQ e o a lf is ld .
Ths p rsssnes o f on un0onfond.tjr bstvssn  th s  Panchsts and th s  MahtfisTas 
has bssn notsd (7 Jow stt ( lo e . e i t .» p . 137)* Mo Panchst anl 14ahadsva 
racks h«vs bssn rsportsd  f r a s  th s  South Karanpura oo& lflsld .
Ths southom  boimdAzy of th sss  e o a lf is ld s  i s  sharpljr fauXtsd and 
nuasrousf satoll oULicfas fa u l ts  ooour a l l  along tbs boundaiy, but th s  th rov  
of th s  ifldiTldual f « a l ts  i s  not g rs a t .  Ignsous in tru s io n s  o f th s  kind 
ssm  in  o th sr e o a lf is ld s  a lso  occur in  th is  arsa> but th s s s  a rs no t so 
abundant.
CHAiTfiK I I  
TUS TUCHIil BCXILJSH 3S)
Tto naM "T idehlr Jsri**"  was g ivm  fagr M.?., iuid H.F. ifl.afiford 
And W. n iso b ald  (t8S6) a fW r  th«  a ta t*  o f  T a l ^ i r  Mber» tho rooks mrm  
f i r s t  dsscrlbad*
Th» T a l^ tir  se ria s  in  a l l  ttm  eon lfislds wadmr dlaonssian tu> 
d»araet«ri8 tie faaturaa and ean bm rv a d ll/ distlJijSulahad froai tfaa othar 
GondMana ft»raati<»B. Thla aarlaa  la  ^  »lci«ai in  tha Ucind«ffin& a<K|Uonca 
M»1 lia a  d irao tly  ovar tha Archaaana, the Janoti >n batwaaa tha two baing 
a lth a r aharply faultad  nr d is tin o tljr  unooiyTomiUjla.
Tha moat e h a ra e ta r ia tie  u n it  o f th is  a a rlaa  ia  a houldar bad a t 
o r  aaar i t s  baaa but i t a  thi^cnaaa ia  y r y  iiw ig n iflea n t aa o .nparad to  
tha t o t s l  thieknaaa of th a  a a r ia a . In  « ganaral way i t a  thioknaaa 
daoraaaaa aa i t  ia  traead  fro«  waat to  a a s t th ro u ^  th a  variaua eo&lfialda 
of tha  ^aaodar Vallagr. Thi« e h a rsc ta r ia tie  waa notad b /  Oaa (t932, p . 37)» 
Mho a ta tad  th a t  "oooparad with th a  MWtam t r e o ta ,  th a  boulder bad in  
Hanl^aiO ia  o f no g raa t thieknaaa'*. But tha iaportanoa of th a  boulder bed 
doea not l i e  in  i t a  tKdeknaaa; i t a  p eeo lia r charaetwr and variab la  
o<Hf>oaition and tax tu re  m ka i t a  study in ta raa tin if.
Tha boulder bad, aa a ru le , oocura a t  tha baaa o f tha T alohir 
a e rie a , but aeveral inetanoea hava been no^ed by S a il (lfl67» p . 6 ) ,
Pedden (l875« p* 17) and Joiwatt (l925« p . t8 ) utiare idialaa and aandstonaa
( 18)
(19)
of thtt T alohlr M rls s  bMn faunl rv s tin g  d ix « e tl /  th«
/urohaannB. Oatnllvel f i« Id  work bgr th«  pr«B«nt author in  tha  Unmdiar 
ftJilm y Coalfi«ids has ravsalad th iit wh»mv«r th« bould«r bod i s  abaont 
fron  tho baso itt a giv«n lo c a l i ty ,  th e  Junotion botMion the  7«ilehlra 
and th o  ArohMani iM a  fwiXtad oom. Further* two horiaaiui o f the 
boulder bed e^>arated t r m  eaeh o th er TaiTing thiekneeaee of ehalee 
aid sandatonesf ooour in  a given ee<:^ace prcnrlded the  roeks hare m t  
been eubjeoted to  fa u ltin g . The two horiiM is o f the  boulder bed, 
re fe rred  to  as the ”basal*  and '*m>per'' in  th e  foXiotdng p a ^ s ,  can be 
d istingu ished  Crom eaeh o ther bir t h e i r  co lour, aechanieal c^spoeitiOT 
and s in e ra lo g r o f thn a n tr ix . L^portaOt d ifferences between th e  two 
also  e x is t  in  the s p h e r ic i t / ,  rm ndnesa, surface te x tu re s  and f a i ^ c  
o f the  coarser p a r t ic le s  c o n s titu tiq g  theai.
The ccM Stituents o f th e  boulder bed are not generaUjr e t r a t i f ie d .  
tA ile re fe rr in g  to  s ljs i la r  rocks in  th e  itorth Karanpura c o a lf ie ld , Jowett 
(1925, P* 11) s ta ted  th a t  the rocks are  "exeeedingl/ variab le  and i r r e -  
go lar in  c h arac te r, v ith  ao d e f in ite  s tra t i f lc a tio R " . Greisbach 
( 1880,  p . 14) had ck>ted th i s  d ta ra e te r is t ic  e a r l ie r  in  th e  HMkola (k 
Tatapani c o a lf is ld s . Blanford (l872, p . 57), Peddwi (l875, p* 17) and 
Fox ( t ^ ,  p . 12) have obserred fa in t  bedding in  th e  boulder bed o f the 
T alchir s e r ie s .  F ield  iB vestig» ti >ns bF the  «ath<ar show th a t ,  as a 
gensral ru le , th e  basal boulder bed i s  devoid o f s t r a t i f ic a t io n  and i s  
■ore o r le s s  a Juabled up afiss o f bouldem , o c ^ le s  Mid pebbles lyini; in  
an abundant, green grajw acke-like m atrix . This fea tu re  i s  c l s a r l j  seen 
in  p la te  I ,  f ig s .  1 and 2 . Tfas tq)per boulder bed o ften  shows cnide
(20)
• t r a t l f l e a t io n  and o->ataini l« n tie tt la r  pook^ts o f •and and grav«l vhieh 
arc rtivm lj oro««>twdded. A general view o f  th i s  tiorisJii i s  illna trn ted i
In  p la t«  2 , f lg a .  I ft 2 . ^su i th e  two d ira r^ n b  observations of the
e a r l ie r  lnnrestigAt->re can be ree >neilsd i f  >ne bears in  mind th a t  two 
horisons and not oos o n lj saO st. I t  i s  v e r /  probable, as w ill be seen 
l a t e r ,  th a t  the  Tnrious horisons of the  boulder bed have o rig inated  in  
d if fe r s o t  ways and th a t  d if fe re n t  a ^ n e ie s  were rM ponsible fo r  th e i r  
fo rw itian . l a  the l ig h t  o f th is  hypothesis, aan / o f th e  s tru o tu ra l, 
texfcural and m ineralogieal inoonsistaneies noted by the  e a r l ie r  wo Hears 
« s / be « d e< ^ te ly  explained. I t  i s  o f u tao s t inportonoe th a t  in  dealing 
with the  f d ^ i e a l  a ttr ib u te s  o f the  boulder bed, th e  tiorivsan in  question 
i s  sp e c ified .
The coarse f ra c tio n  o f the  boulder bed in  th e  Uaaodar Valley 
reci<>n i s  o f a  eo^>ls9C c h arac te r. Die w » t  pr<ninent o n s t i to e n ts  are 
f ra 0w nts of q u a rtx ite s , gne isses, s c h is ts ,  grM nstones, a p li te s  and 
iSranites. Less cosraon, but g en e tica lly  s ig n if ic a n t ones, nre pebbles and 
cobblee o f J a ^ a r  congloeerate, c h e r t, sandstonse and fTagnents o f shales. 
A few pebbles o f v e in  (|ttarts and p ra c tic a lly  undeeompoeed pot&sh feli^>ar 
a lso  occur occasionally . These p a r tic le e  o f a l l  ^ a d e s  l i e  in  a fin e  
gfvenish or brf>wnish to  bu ff d e t r i t a l  o a tr ix  consisting  of v a irin g  pro- 
portioiM  o f suk t, s i l t  and c lay . I t  i s  is|>ortant to  note th a t  the  basal 
Bivt upper hcriscms o f the boulder bed d i f f e r  c >nsiderdbly fro a  each other 
with respect to  th e i r  lith o lo g y  and th e  nature and aaount o f the o a tr ix .
ThOT  ^ does not appear a coeplete aj;reeiwnt between th e  e a r l iw
<21)
workars r*g>mllng th« ia9d« o f u r ig la  o f th« T aloh ir bouldor b«d. SLanford 
iu«l ottvsrs (ld56) »JiMid«r«d th e  rksooj of gi^Mjnd ie« as th«  "(Mnly advqaat* 
■Mna" b /  whieh tha  bt>uld«r toed in  th«  typm mrmn could h««« boon f^roBd. 
Hu^Ms (ld67» p* S) cxprosfted a to ta lljr  ^ivorgont view and s ta te d  th a t  
the  T a le h lra  o f the  ^akaro  «3alfi« ld  jiro of BBriiw o r ig in . Ball (td67» 
p. a) e^naldored th e  T aloh ir roela  o f th e  Hamgarh eo a lfie ld  a* shore 
d ^ ao s its , th e  boulder o<mgIaHirat« representing  t t a  " ta lu s  re s tin g  on th s  
flanks o f Msta«>rp}iio h ills '* . Fedden (td75f p . t7 ) gave eev4n>aX new 
evideooee in  favour o f the "ground ie e ” theory and s tro n g lj  supported the  
view expreeeed e a r l ie r  Iqr fi(Lanford and o th ers . SLanfoard (l8S7f p . 49) 
suggested th a t th s  T aleh ir boulders >«srs "derived fro«  rapid  streaas**
Mtii^ were l a t e r  on floa ted  to  the  basin  o f clepositl*^ b j  td n te r  ic e .
>ldhaia (lS93, p . t60) reviewed o r i t io a l l j r  th s  e a rU e r  views on th e  ^rlgXn 
o f the boulder bed and concluded th a t  i t s  f> jr« tio n  was ;»^9bablgr **<itte to  
the  Aotion of a tru e  glAeier**. Fensor (l9f4» p . 167)9 Simpacm 4  Ball 
U 922, p . 2) aiwl Jow ett (t925» p . 4 ) a lso  supported a ^{laeial o rig in  fo r 
theee d epoeits . Fok (f950» p . 23; 1934» p . 1Q3) wss o f th e  view th a t  
tb s  boulder bed in  th s  Jh a ria  e o a lf ie U  repreaented **resoK>ed aoraine 
M aterial* and th a t  a  tru ly  g la o ia l  o rig in  was very doub tfu l. Oee (t932, 
p . 37l t945* p . 30) com idered the  ea rly  T alohir eonglonsrates of g la c ia l 
and f lu v io g la c ia l ori^;in. Holland (t933» p . 66) did  not consider a l l  
th e  occurrenoes o f th s  boulder bed in  Peninsular India as "tnae t i l l i t e s " .  
He eug<eetad th a t  the agency of f lo a tin g  ice  was f a r  aore l ik e ly  to  produce 
thM e d ep o e its . iM ia  (l939» p* 129) s(^>ported a f ln v io -g la c la l « rig in  
fo r  these  rocks. Jacob <1952, p . l63) supported a tru e  g la o ia l o rig in
(22)
fOiT Most o f tha 900urr«ne«s, but suggMtod th a t  those of tho typo area 
■a/ bo o f f lu rio 'g X ac la l o rig in . Krishnan (t958» p* 4 t5 ) otaiod th a t 
"tho basa l beda of tho T alohir sorioo arm g la e ia l  t i l l i t o s " .
The gaologieal age of the boulder bed has been o r i t ie a l ly  revieited 
\iy  Hollancl ( l933* pp« 66~d6 ) anl he neslgne an Upper Carbaniferaas age to  
i t .  rts hae fa r th e r  ehoim th a t  th e  T aleh ir boaJdmr beH oorreepoixls to  
Mo. 3 of tta» fiv e  aain  g la o ia l horlx<NW recorded in  A u s tr a lia .
The d ire c tio n  of sed iasn t tran sp o rt during the  earljr T aleh ir 
t io e s  i s  a point on vhich opinions d i f f e r .  Ball (ld73« P* ^  footnote)
Mas of ttae opinion th a t  in  th e  ^israapur o o a lfieU  a Cinwiderable p a r t  a t
the  debris "■ust have been t r a n s p o r te d ...............from the neighbourhood
of Sane”,  thus in |>ljing a aouthward aarew n t of ioe Mhieh ims responsible 
fo r th e  deposition  o f the boulder bed. His oondusions nere based 
e n tirs ljr  oa l i th d o g io a l  s i« i la r l t ie 8 «  between "a oonsiderable proportion 
of the  boulders" and Vioihyan q u a rts ite  of the 3one v a l le / .  Feroor 
(l9 t4 f p . l67) noted th e  preaenoe o f soas v a r ie tie s  o f <m artzites and 
oeeasional pebbles of red jasp ar breccia in  the T aleh ir bouldar bed in  
Korea 5 ta te  and concluded th a t  these have probably eom from tiw  Vindhyan 
anl ai4«Mur fo raa tions resp sc tiv e ly . These fo raa tions are expoeed 
towards the  north of the  area .uid, th e re fo re , th e  ice  transported
the d eb ris  m s t  have laoved southtmrd. (See {^^32, p . 37) i s  of the t ^ i n i ^  
th a t  during the  early  T alohir tiaaes highlands ex isted  to  the  west and 
northwest of the Daisodar ?a lley  C o a lfie ld s  and th a t  ice  ooved e a s t and 
southeastwards. foac (|930> p . 23) e u ^ e s te d  an eastward aoveennb of "ice 
sheets of an e a r l ie r  age* on purely lith o lo g ic a l grm nds. Jacob (l9$2.
(23)
p» 163) «(iil0 diseuaftlng tiM probable d ire e tla n  of IO0 myrmmat duriiig 
ih« Talohlr t i a e s ,  aug^^ssts th a t  "•xpanslooal flows** «xt«id«d eastw&i\is 
in to  tb«  "Bm gal-Bihar c9«lfi*lcl r«gi<xi". H», howwver, d id  oat o it«  
may «vid«nee In  aopport o f h is  eoat«ntions* Subssquant stud ies b /  Jttcato 
and oth«rs (l9S9J a lso  support th« saos yIbw.
Ths above s tu d ies  are a l l  c ioalitn tlvs and Mainly based on litho~  
lo g ic a l evidences. Oanju /nd S rlvastava (l959) appear to  be the f i r s t  
to  have given concrete evidence regarding the d ire c tio n  of sediosnt 
tranq>ort during ea rly  T alch ir t ia e s  on the  bnsis o f fa b r ic  stw lies  i a  
the Jh a rla  c o a lf ie ld . Although the above study i s  o f a p re liitin a iy  
eharactM*, i t  p re tty  wsU es tab lish es  th a t  th s  rsgicmal slope during th is  
period wes towards th s  e a s t and south e a s t .
caA pm  u i
psraooBAPHr cf ths gqaiue m o rx o v
Th« M ta r ia l  c o n s titu tin g  th «  boaldcr iMd «xh ib its a  la rg e  rang* 
of p a r t lo lo  b Im . P«bblM» oobblas iukI bouldwre o f varioua s i t e  l i e  l a  
a f in e  a a a ift s i l t j  o r  elagr«gr Butrlx» ithieh OMtoa th e  Study of th e  deposit 
ra th « r d i f f i c u l t .  l a  order to  f a c i l i t a t e  the  study» p a r t ic le s  la rg a r  
than  4 sn . are  considered as fo n d ag  t)M 'coarse  frnction* of th e  depcMd.t 
and have been stutiied ssparateljr* P a r tic le s  s a a l le r  than  th is  s is e  are  
regarded as fo n d ag  th e  'f in e  frac tion*  of the  boulder bed.
The conetitttan ts  o f th e  course f ra c tio n  have been studied  id th  
respect to  th e i r  lith<d.og]r, routidne«i, shape and sp h e ric ity  and surface 
tooctures. I t  was f e l t  th a t  a  study o f these  Amdansntal ptgrsical a t t r i -  
butee would go a  long la  declfihering the g e o l(^ e a l  h istozy  of th e  
deposit as a wholef as these  p ro p ertie s  r e f le c t  th e  g e o lc ^ c a l  conditions 
tfclsting  a t  th s  tiJM o f th e  fo raa tio n  of th e  rock. P urthert as no stud ies 
aa th ese  l in e s  have been ssde t i l l  now* i t  i s  h c q ^  tn a t  tiw t th e  p reseat 
fiork s iy  prove of scmos in te r e s t .
L X T H O L O C X
The c<Mplex apA varied  lith o lo g y  o f the  coarse f ra c tio n  o f the  
boulder bed was noted e a r l ie r  by aaiqr in v es tig a to rs  (BLanford and others^
(24)
(25)
1056) B ill ,  1873, P* 28} Fmrmxr, I9l4# p* t67j Xrishnan, 1958, p . 4 l6 ) . 
lioMvar, r«f«r8newi to  th i s  fea tu re  were eaaual and ( |o a lita tiv «  and no 
a ttea p t m »  asd* to  study th is  eh a jm e tsrls tle  in  a aore p rec ise  and 
d ttan tita tiv e  Manner.
In  asaneh as th e  litho logy  o f th e  coarse treKstion r e f le c ts  the 
prorenanee and to  a  l ia d te d  exb«it the  tra i»parta ti< m  h is to ry  o f  th e  deposit, 
i t  i s  Important th a t a qfuuintitative study o f th e  lith o lo g icK l v a ria tio n s  
bs aade i f  a thoroui^  ondMrstanding o f th e  d^x>sit i s  d e s irsd . liSth th is  
view in  ndnd, the  author stode pebble counts a t  a lao st a l l  ttM eaqposurM of 
th e  bouldar bed in  ordar to  ^;et an idea o f th e  r e la t iv e  abundance o f the  
various roek types p resen t.
Granular v a ria tio n
n ie  e ffe c t o f p a r t ic le  s is e  on l i th d o g y  may be tenasd as 'g ru m la r 
v a ria tio n * . That th e  l i th o lo g ie a l  eonpositioa o f the  sans sediawrA mjr 
changm in  d if fe re n t  grade s i i e s  was noted long a ^ .  auch v a ria tio n s  in  
la rg e  grade s ise s  have been studied or in fe rred  by saqy workers (Trowbridge 
and S h ^ s rd , l9?2; IQnudsein, 1%2f Kigr and Graham, 1943; FluaOy, 1%8{ 
»ub«ar, l952j iio lass, J952; Ja m e fo rs , i952| D reiasnis and Seavely, 1953; 
P o tte r , t955; Uavis, 1958) and by t)Mi U.S. Sureau o f lleelaHMitiinn (l9S0).
I t  i s  isp o rta n t to  nc»te, however, th a t  th e  stud ies o f Ja m e fo rs , Dreinanis 
and Reavely and Davis tftow t h ^  th s  lith o lo g y  of la rg e  fragasn ts in  t i l l s  
•x h ib it  (Mily s l ig h t  v a ria tio n  in  d if fe ra n t  grmles.
(26)
Ghoic« o f grad» »i««a
Tha ohoioe o f s is*  nmg« fo r  pobbiLa coiuit a tud ias n a tu ra lly  daponda 
cm th a  purpoaa of th a  a tu t^  and on th a  natura o f tha  d«|>oait. Oavia ( lo c . 
c l t . .p .  92} obaarvaat " I f  eooitta arm to  ba aada fo r  e o rra ls tio n  piurpoaaa» 
tha  uaa o f a  a lng la  grsda s ls a  o r indax ggrai^ a isa  ia  aatlafae tw ry . I f  t t e  
p r lM T  porposa la  to  aaareh fo r  in d le a to r  stonaa and llth o lo g ie  pareantAgaa 
ara o f a ln o r inportanea* than a f la ld  eaunt ualng a wida range of a lsaa  mef 
ba wnpmrlw to  tha uaa of an ind«K grwda a isa " .
Sinea th a  purpoa* o f oaklnc pabbla eounfcs in  tha  praaant in ra a t i -  
gatlon  waa both fo r  th a  **a«areh fo r  in d io a to r atonaa** aa wall aa fo r  
coaparlaon of tha  I l th o l f ^ a a  o f th a  t%«> horisona o f th a  bouldar bad> 
p a rtle la a  batwaan k  itwh and 8 inehaa only nara aa lac tad . ^ h  a raa trie ti< »  
o f p a r tio la  a iza  mhs not mily e^Hivralant but alao naeaaaaiy fo r  tha  two 
a iaa  had to  ba raeonellad .
1
F lald  Procadura
Okta hundrad to  two hundrad pounda o f th a  fraah  a a ta r la l  m »  dog 
out trom  aaoh outerop and ona hundrad pabfalaa ond cobblaa batvaan g ineh 
and 8 inehaa wara raadooly aaparatad isor hand pioking. Thia operation , 
th o o ^  alow, waa aaa ily  porforaad aa th a  n a tr lx  o f tha bouldar bad in  aoat 
lo e a l i t ia a  ia  rathcir lo o a a lj  eoi^Metad; but in  «raaa Wiara th a  a a tr ix  ia  
hard and ona hundrad p a r tle la a  w ithin tiia  aelaetad  r a n ^  wara
e a ra A ili/  eh iaa llad  ou t. In  both eaaaa tha  aaaplea ware waahad« alaanad
(27)
ani d ri«d . L lthologle id*ntlfiC B tlona mrm aad« in  ttm  f i s ld  t u t  in  
doubt^il e«ta«8 Xaboratozy ctuciiBii aad«.
Th* 8aii|ilaa f ro a  th« bas« l and tb« upper bouldar b«d ( Inel udin g 
i t s  ero»»-b«Al*d horlsogas) w«r« studiad s«parat«V  bM  th« d«t»
« t «aoh lo o a litjr  rsoordad.
P«bbl0 counts tande iit d if fe re n t oxpoaures o f the  eaae horison 
in  anir given e o a lf ie ld  M re averaged and th e  eoapoeite d a te  anaeare in  
Table 1. ^ le  d a ta  c le a r ly  ehoi« th a t  th e  OMitaaQri^c rocka e o n e titu te  
th e  aoet i^ndaiA  l ith o lo g ie  type in  both the  h<»rieoMi o f  the boulder 
bad in  a l l  the coaXflalda. An>ng the M taanrphic roeka» c(uartzit« i s  
the  aoet dovinitfit type foUchied fay ^pMiBe» greenstone aid  aohiet of 
e e re ra l r a r l a t l s e .  Igneous rucks o f both acid and basic  v a r ie tie s  fo ra  
ttas naxt i^>ortaiit grm p  ba t the  sediiaentariea are represented pooriy.
th e re  doe* not appear sXKf sy s te a a tic  rsg iona l v a ria tio n  in  
l i th o lo g ls  types. The aetaaorphic and igneous rock fragaBofcs reseable 
c lo se ly  the  Archaean rc>eks and th e i r  associated  in tru s iv e s  ^ lich  occur a l l  
ar<Mncl the  c o a lf ie ld s . I t  i s  very possib le  th a t  the  pebblest oobblM 
and boulders o f aetaaorphic and igneous rocks have been derived fro s  the  
neli!hb<wring areas and a re , therefogre. o f lo c a l <»rigin. iiowever, the  
se d iau ita iy  pebblee anl cobbles are of genetic  iay>ortanoe as th«y are 
id e n tic a l vdth the  congloeeratea,  sanistones and shales o f the  Viodhyan 
and B ijanar age.
TABLS t< UTUUXilQAL 83P 0S 17I^  Of m  COaSSS FSaCTI JK
OF THE BiDLOSR WO (PSR CfSIfr)
C 0 A L F X S 1 . 0
b a s a l B 0 0 L 0 S R B S D
raoaitjr- 
i t«
M i e g s ^
Him^m*Sahe liia t* fl« t« ’arwi»^ A«id ’ Bwie 'Goac>*S«Kl •
's to n s '
» r a f  »
i*toith Karni^ura /i8 20 1 1 4 12 4 1 2 1
3<wth Xaranpura 56 9 4 ! 12 8 4 3 2 1
Bokaro 50 1o 6 1 18 4 5 4 2 -
.^aagnrh 58 4 2 - 14 6 12 2 - 2
Jh&rla 24 32 16 - 4 18 2 1 3 -
itaaigaiv} 32 44 3 1 3 9 5 — 2 -
U P P B R B OU L D B H B B S
:4orth Karampura 50 18 4 - 4 8 12 2 2 -
Bokaro 46 8 10 2 20 8 3 1 - 2
JlaBig&rh 64 2 4 - 10 4 6 - 4 6
Jh a ria 68 t6 2 - 4 6 2 — 2 —
C a 0 3 3 -  8 K 0 0 B 0 a 3 K I 2 0 in S
}|9rth Hmrmaparm 46 18 3 2 13 4 8 - 4 2
Bokaro 42 |6 2 — 10 22 2 — 4 2
(28)
S O U X D H S S 3
Tha roundl«d natu rs o f th« p«bbl«a anl eobblas «ncloi»*d in  th#
T aleh ir boolder bad m »  notad as long baok as 1856 « ^ n  SLanfoards and 
Thaobald studiod thaae rocka to r  t t e  f i r s t  t i a s  in  t t e  tjp 9  a raa . l a t s r  
t r ic a r s  (Slanford, 1872> p . 57} 1 8 ^ , p . 49; Patklsn, l875« p« 17{
32dhaa, 1893# p . I57j Poot, l930, p . 25) havs a lso  polntsd out t h i s  fs s tu rs  
and BMngr of th s  th e o r is s  o f o r ig in  o f th e  bouldsr bad h«(V« bsan f  ?rnnlat«d 
vitta th i s  point in  risw*
I f  roundnsss i s  an ii^ io rtan t a ttr ita u ts  o f th s  p a x tio lss  and i f  
i t  has an iJt>oriant gsologiflal sij;n ifioane« , i t s  q u a n tita tiv s  studjr i s  
e s s s n t ia l .  lb  sadi studjT has bssn ande on th s  OJ«rss p a r t ie ls s  o f ths 
bouldsr bad although isp o rtan t eonelxisions haw  bssn dravn tor th s  s s r l i s r  
noarksrs on th s  b as is  of rou^^ s s t i u t s s  of m n d n ss s .
I t  doss iK>t ns«d sxp la in ing  th a t  rxuidnsss of e la s t ic  p a r t ie ls s  
i s  an ii^>ortant a t t r ib u ts  in  tra c in g  th s  tran q io rtB tian  h is to iy  of d sp o sits . 
Ths dsgrss o f re a d in g  o f p a r t ie ls s  i s  a  aaasurs o f th s  t s x tu m l o a tu rity  
o f sedijasnts, th^jugh i t s  signiflsiAOS dsorsasss to  soaa extsn^ with iae rs^ iing  
s i s s  o f th s  p a r t ie l s s  (P s tt iJ< ^ «  1956, p. 66). Houminsss s tu d iss  havs 
alS3 bssn oMds fo r  e o rrs la tio n  parposss (TToi^idiCs and M ortiaors, 1925{ 
Hagsrman, 1933) and a lso  fo r  dstsradning  snvirsraM nts of deposition  (Baal 
and Shspard, l956| liuscoa, 1958).
(29)
Wthod» o f  M»a«ur«iMnt
Although i t  w a known Ixmg t l a s  ago th a t  th i  edges of oXastio 
p a x tie le s  are sKxllfied during tra m p o rt and th a t  they ge t r>unded With 
prol(mged abrasion , i t  was i<tatw>rth ( l9 l9 , 1922 a ) irfw, fo r  Urn f i r s t  
t i m ,  defvised « qjuantitatlve neUiod fo r  leeasureoent of th is  propertof> 
liis "roundnsss ra t io "  i s  defined as r l /R , %ihere 'r t*  i s  th e  rad ius of 
curvature o f the  shaxpest edge and R the  asan radius of the  p a r t ic le .  I t  
i s  to  be nated , however, th a t  Umtworth d id  not d i s t in g u i^  e le a r l j  between 
th e  shape and roundness of p a rtie le S j th e  two d if fe re n t and indi^jendent 
T nrieb les.
i*idell (t932) e learljr d istingu ished  and defined these  two 
lUndaiasntal a t t r ib u te s  o f c la s t ic  p a r t ic le s ,  iihile roundiness d«als with 
the aharpasss of th s  e d ^ ,  shape re fe re s  to  th e i r  fo m . RjuadnmB, as 
defined bgr M ie l l ,  i s  th e  r a t io  of th e  a v e ra ^  rad ius of curvature of the 
edges and oor e rs  the  g ra in  i a a ^  projected to  a 's tandan t s i z e ' of 
70 ■ i l l ia s te r s  and the rndius of th e  a a a d is i inscribed  c i r c le .  This nethod, 
though aoet accurate y e t devised , i s  very slow and in p rac ticab le  where aany 
large  sanples a re  to  handled.
Russel and T«ylor (l937) proposed fiv e  grads te rn s  to  eocpress the 
roundnass o f p e r t ic le s  and th s  c la ss  l i o i t s  fo r  th sse  were fixed in  
accordance with th e  Mviell asthod, ax ithsw tie  aesns being used as c la ss  
■ id rpo in ts. i^artic les were assignsd to  c la sses  the  basis  o f co^parism  
^ t h  photographs of standard g ra in s . However, th is  asthod cannot be 
Mfqaliisd to  la rg e r  p a r t ic le s  unless the photogri4>hs are enlarged to  the  
appropriate  s i s e .
(30)
KnniMin ( l % l )  daviMd a moh quiekar of of
rovindAMs of larg* o ls s t lc  p a rtie l« s  fcgr v isual c ap a riso n  Mith nlna 
•lllMMOttaa with rciundneaa trIim s rsQgiiij trom 0.1 to  0.9# the  silhouettes 
havlnis baan drswi fr>m peUblea whosa rouadnaaa had a lra n l/  baan datarainstl 
kgr th a  «tadall aathod. Tha aathvMi of aatlMstlon o n a ia ta  of hcCUing th i 
pabbla in  aueh a wgr th a t i t a  mexijmm aurfnee area ia  v la ih la  to  the obearvar 
and than ONipnring i t  u ith  tha  a iliio u a ttaa . Tha p n r t ie la  in  t^l•n aaaignad 
a routttnasa valua. In  t h i s  wear a saa|>Xa of huaired pabblas can be hafldlod 
in  a sh a r t tia e  td th  o3naid«rabla aeouraogr.
Cailiottx (f% 7) d afim d  rouniiieaa as the r a t io  of Um d iaa e ta r  of 
tha aharpaat eom sr i a  the  plane o f mnximm p ro jad tion  and th a  longast axis 
o f tha  p a r t ie le .  Vm Anlal and o thers (l9$4) »)aparad th a  astivxls o f 
CaillsQx and iitedall-Kruabsin end haTa ahuwi th a t  tha  r^iundnaaa Tttluaa 
dataralnad by tha  two aath ^da are eloaaljr re la te d . TUmy fu rttw r oonelodad 
th a t  tha  OaiUaux aathod was aore t ia e  consuaing and th a t  th s  d a ta  obtained 
taor th a  Knutfbein a e t . ^  "provides more d e ta ile d  and aore p e rtin en t in f o r a a t i ^ ” 
than  th a t  obtained by th e  Cailiettx asthod.
The muadnesa ^ a d s e  p re s s e d  bgr P v ttijohn  (t% 9 ) d i f f e r  fro n  those 
of ttessel and T a jlo r in  tMO ia|x>rtr,nt re sp e c ts . P i r s t ly t  P v ttijohn  adopted 
a gaoatotrie sea ls  in  fix in g  th a  c la ss  l i a i t e  aMd th ia  brings absut a  e le a rs r  
d is t in e tio n  between p a rtio le a  having low roundness va lues. Secondly, 
p a r t ic le s  a rs  assii^asd to  appruprlate  c la sass  oocywris^Mt with s ilh o u e tte s  
and not photographs* Making eoaparisons e a s ie r  and nors accu ra ts . This 
■ethod Is  su ita b le  only ft>r sand s iz sd  p a r t ic le e  aid s n l l f io a t i in s  are
(31)
mommsBXj i f  i t  la  to  be uasd fo r  laFigar p a rtic l« « .
PoMrs (t953) ctofitwd s ix  rouodm ss cXassss mxI publlshad a ▼iaual 
ooHIMrijBon ch art eonaiatlng  o f i^wtografdia o f  d a y  wxtala grouping p a rtie la a  
in to  c laaaaa . Ria aeala  ia  gaoaatrie  and ia  uaafu l whara f in a  d ia tin e tia n a  
arm rar-;uirad, apae ia lljr in  th a  a tu d j of nadiim and fina  grainad e la a tio a .
In  th a  praaant atudy Xruabain*a (l% 1« p* 68) rouadnaas chart haa 
baan uaad fo r  tha  v lau a l a a tis a t io n  o f raindnaaa of pabblaa and oobblaa 
bacfiuaa th ia  nathod m a qfolck and large  a ilhoua ttaa  ware ava ilab le  fo r  d ire c t 
C90f)ari8OQa. 3inee th e  d a ta  had to  be uaad priaM riljr fo r  de te ra in ing  tha 
roundnaaa c h arac te ria tio a  o f tha two horiaona o f tha bouldw bad, a K>ra 
accurate but t i a a  oonaojaing aathod mbb not uaad.
Granular v a ria tio n
The e f fe c t  o f p a r t ic le  a ise  on i*uundaBaa o f t i l l  pebblea and fluvio^ 
f a c i a l  g a v e ls  i s  not o le a r l /  k a o ^  but in  a l l  p ro b a b il i t j  t>te e f fe c ts  are 
u n iap c rtan t. To orercc»e such e f fe c ts ,  i f  they ex ia ted , p a r t ic le s  battiaen 
and lasre aelected  inatead o f choaing a p a r t ic u la r  grade s ia e .
The co^TOsition, tex tu re  and s tru c tu re  o f r o ^  p a r t ic le s  have also  
an iaportn iit bearing on rouiUnesa} a o fte r  pebbles are  laare eaa ily  rounded 
than  the harder ones. Siadl&rljr cleavahle and coarse grained rock fragManta 
tend to  be w on  angalar as coopared to  the  fin e  grained and noa-elaavable 
ones. Since th e  boulder bed includea a grant asso rtaen t o f coarse p a r tic le s  
o f varjrii^  conposition, tex tu re  and s tru c tu re , th e  rouninass de te rsd n a ti «is
(32)
on o o i^ s lU  «aaiplea would not y lv ld  u se fu l <Uta fo r  stodjring regional 
T srlA ti^m . In  order to  ellfldaHte theee e f f e c ts » (m l/ the  •^uartalte 
peUkles were taioBn in to  o o n ^ e r a t io n .  I t  ie  iaportftnt to  nsjte th a t  tlw 
< |aartslte  peM^ee oonstit4ite th e  onet dcmdn&nl l i th o io ^ ie  tgrpe in  both 
lK»dsone of a l l  the e o a lf le ld s .
One hondrod p«^blee and oobhlee o t f in e  g a in e d  q iaartsite  within 
th e  e tip u la ted  range were separated during pebble counts and roundnees 
e s tia a tio n e  were aede on thea . The data  fo r  th e  basal and the upper boulder 
bed WHS tabu lated  s e p a ra te l j  Tor each c o a lf ie ld .
Results
The rounJaess s t a t i s t i c s  o f each sas|}l.e i s  suaoarisod in  Table 2 , 
in  te ra s  o f the axd thastic  aean aid standard denriation. Hie aean roundness
TaBI£ 2 i ftOUlONESSi STATISTICS CF gUAaT^TK FKSBLSi
c o a l p i s l o
* BMwd \ m lim  W  
t
' Upper bouldar bed 
(
*Grase>beiMed hord 
' sons
* )«san ' Standard
• * DwriaUoa
' Ifiea ' 
« t
Standard
Denriatioa
•Mean •
I 1
Standard
OsTiatioii
^orth Karanpora 0.472 0.155 0.510 0.145 0.570 0.119
south Karanpura 0.520 0.103 •  •  •  •  • •  •  •  •  • •  •  •  •  •
!>ricaro 0.536 0.113 0.558 0 .07B 0.598 0.088
Raag^rh 0 . 53S 0.125 0.604 0.092
Jh aria 0.548 0.138 0.610 0.095
Raniganj 0.566 0.116
(33)
v a r ie s
of o iu r ta ita  pvbblae and eobblM o f t t e  bnaal boulcknr bed/from  0*472 to  
0.$66 an l tlM p a rile lo s  thos f a l l  In  tho  'subruttnled* and *roittid«d* 
e lasM s o f Pouors (lo c . c i t . p . f tS ) . I t  i s  iaportanfc to  not* th a t  
tlMTo i s  a  i»rogros«iv« inoraaso in  raundnava o f tiM < |i« rtsit«  pabhlaa 
and eoMaLaa fr>n the  North Karanpura to  Hanlganj eoaIfl«2da.
The q u a rts ite  p a rtle la a  o f the  upper boulder bed show a ranije 
in  raundneaa valuea f r w  0.510 to  0 .6 t0  and f a l l  in  th e  *x^MOded* elasa  
o f Powera (lo c . e i t . ) «  Although soae of the  vtOues of roundxMMs in  the 
t w  horisona av«rlap» the p a r t ic le s  o f tha upper boulder bed are  b e tte r  
rouflded in  a l l  th e  c o a lf ie ld s . There i s  a aei^ced and reg u la r increase 
in  roundness o f the  rjoartc ite  p^iblea and cobbles, from  the !forth 
Karanpura to  Jh a ria  c o a lf ie ld s . F u rther, i t  i s  in te re s tin g  to  n ste  
t h a t ,  in  general, the  values o f standard dey ia tion  are  higher in  the  basal 
boulder bed than in  the  upper horison and th is  would naan th a t th s  roundnssa 
fre<:{uencar d is tr ib u tio n  in  the  basal boulder bed i s  Mure dispersed as 
cosfMired to  the upper h o il» m .
Unfortunateljr the expoeures o f th e  crcMS-bedded horisofis a f  ths 
upper boulder bed occur o n l/  in  th e  (forth Karanpura and Seat Bakaro coal- 
fiel<to. Althooi^ the  d a ta  on roundness of tiu a rts ite  pebbles and cobbles 
of th i s  horison i s  aeagre, a narioid Increase in  rouninsss froB the flarth 
Karaivura to  Sast Bakaro <K>alflelda i s  spparBjA.
From the abore studjr i t  can be coticluded th e t th s  qfuartsite ptiablm  
and C(4>hles in  the  various horisons o f  the  boulder bed s h ^  a  progressive 
Inorease in  roundness from  the  .’fo rth  Karanpura to  Bandi^anJ c o a lf ie ld s , th a t
(14)
ia , froa vest to  • a s t  «nd th a t thay ar» ■or* round*d in  ttw vtppmr bouldsr 
bad and i t a  craes-baddad hori»ons as eo^>ar«d to  the bnsol bed.
S H a P S  a H I) S P H E R I C I T I
Shape, a0 d ls t ln o i  f ra n  rounlnees. Is an iap a rta o t inropertjr of 
e la s t ic  p a r t io le s . A lth o u ^ , to  a la rg e  ex tan t« the u lt lw tta  ahaqpa of 
pabfalaa and eobhlaa i a  litfM ritad and in  p a rt ooa tro lled  by a tnM turaa, 
i t  may bIbo, under the  Infliienoe of c e r ta in  aodea of tranapo rt aueh aa 
g la o ia li  be oonaiderably aodlfi<^ daring  diaperaal* The ]»«aenea of 
oharaeteriatic form  even in  a aotoll ntuber o f p a r tie la a  in  a  di^>oait Mgr 
throw conaidarabla lig tA  on i t a  o rig in .
D etailed stud iaa  of shape e h a rao te ria tie  have not ao f a r  been 
■ade on the  coarse d eb ris  of the T aleh ir boulder bed. Ref«renoe to  ahape 
Mild apherieitjr b]r e a r l ie r  vorkera ware vagae aid ta rn s  l ik a  'faee tted*  
and 'apfharoidal* ware eoiasonly used with:iut c le a r ly  apaeifying th e i r  aaaning 
(Padden, 1875» p . Id | SLanford, l 8 ^ ,  p . 49{ Holland, t893« p» 156;
F0rtaar, f9f4 , p. l6d ). In  tha  prasaafc in w a t i^ a t i  m an 8tt«o |)t has bean 
Mda to  aaka a cfuan tita tivs study o f the  shaps c h a ra c ta r is tie s  o f tha  
pabblea and cobblaa o f the boulder bed.
J ta te aa n ts  th a t  ^ a o i a l  pebbles tend to  have ch jirae ta ris tio  shaps 
havs oftmi been eon trad io ted . H anifiald p . 553) «iq>reased the
(35)
<yplnioa th a t  pd sblas in  g la c ia l dvposita show oueti v a ria tla n  id th  rasopet 
to  th a ir  ahapa and a is a . Q ngpry  (1915« p> 303) alao ag r aed with th ia  
Y ia v  and a ta tad  th a t  ^ M i a l  pabblaa rtiow tjrp ioal ahapaa only ra ra ly .
W i ^  (l9 l4* P* 29)» on tha o thar hand, notad th a  abundanea of aabangalar 
pabblaK in  glaeiaX d ^ a l t a  and alao obaanrad tha ecwon oeeurranca of 
a t r i a l  on faea ttad  p i^h laa . T « w ^ fa l  ( l ^ 6 ,  p. 180) and Colwaan (l926, 
p . XXXVI) tanra o f tha opinLon th a t  iJnm la rg a r  p a r t ie la a  in  aueh dapoalta 
do tand to  hava a e h A ra e ta r ia tic  ahApa.
Ton Hngaln ( l^ i^ )  aMtda a ooaprahensiva atudy of the  fo raa  of 
^ o i a l  prt>tila8 and ocMioludad th a t  '*tha pabblaa ahould alao tend prot^raaaivalj 
toward aoaa p a r tic u la r  ahapa or ahapaa**. ifa argoad, on th a o ra tie a l 
j^oanda, th a t  tha u l t ia a ta  form ao daralopad would be th a t  of a s tr ia ta d  
and faea ttad  'flati'l^OT*. Hia conoluaiona wara aopportad hy tha qoan tita tiva  
atudiaa of 4mtworth ( 1936a* l936b) who a ta tad  th a t  "tha aoat eh & n o ta ris tie
ahapa, (janaral and B«irji;inal,.............i s  aaan to  ba p a ra lle l  ta b u la r , id th
a panta^onal ■Brgtn".
In  tha l i ^  of th a  autatazxling atudiaa of ?<m Sogaln and isbatworth, 
tha data  obtainad tgr th a  author ia  of in ta ra a t .  About 5r~\0i o f tha  paMilaa 
and eobblaa in  tha  baaal booldar bad aho«a in  p la ta  3 apprtsadLmt* in  fo m  
to  fon Sngaln'a "typa faea ttad  pabblaa" ('pen tagonal' eobblea of inkntworth).
In  tha upper boulder bed only about 1-3^ are peniagotvOL in  ah&pa. The 
eroaa-bedded hcnrisona o f the  t^>per boulder bed show a veiy p<K>r developaMnt 
of th e  face tted  t<3rmm and are in  general apheriea l.
(36)
.jy f c l t a t i v  •YaJjMitiiMi o f •Hmni eh«r»ct«pi»tio»
Tlw f o u t l l a a d  b /  ijngsln and y>nt«orth ar« not sab^laet 
to  m asurw w nts and th o a ^  ar* w iy  usefOl in  raeognislns g la e la l 
deposits* tboy eanriQt be usvd fo r  e < ^ a r lsa n  o r oorrttla tlon  porpoMS. A 
afjm qfoantltatiTS approach was auda bgr Hbdall ( l 932) «ho cnraluatad shapes 
of sedioentaxy parileX es In  ie ra a  o f th e i r  spherleitar. He defined 
sp h e ric ity  9M the r a t io  o f the surfaoe area o f a sphere having the  sam  
Toluee as th e  p a r t ie le  and th e  t o t a l  surface area of ths pebble i t e e l f .
In  o rder to  wvrcomm th e  d i f f ic u l t ie s  in  ths asasureoeat o f surface areas 
of i r r e ^ i ln r  p a i t io le s ,  'itedcll (l934* 1935) expressed si^MNrioity as
3s
Khere dn i s  th e  nondnal d ia m te r  (diaOBter o f a sphere having th e  saw  
Yilua» as th e  pebble) and Ds the  diam eter o f ths clrooascrib ing  sphere
(usually  the  la rg e s t ax is o f th s  pebble).
iM e l l 's  asthod, th o u ^  Tsry acournte» i s  t in s  consuming and 
ia|> racticable where la rg e  saap les are  to  be handlsd. F ia r t^ r ,  th s  
sp h e ric ity  values c^jtainsd fagr th is  asthod do not give anjr idea o f the 
ac tual s h ^  of p a r t ic le s  of d iffez« n t s h ^ s  having the sane s i ^ r i c i t y .
Such d is t in c tio n  was nnde bgr ^Singg (l935« p« 54) who used ths r a t io  of
the  longest (a)« tiie iflte ra sd ia te  (b ) , and the sh o rte s t (c) d iaa e te rs  of 
p a r t ic le s  to  define the  follow ing four-ihape c lasses <•*
0 7 )
tinsuL >hap» ela»a— Axial r;vtlo»
X. ObIat« sptwroid (dlseaidaX) b /a  2/3
11. Sptw rieal (•<tulaxi&l)
H I .  51«d«d ( t r la x ia l )
1?, Prol«t« ap teriod  (rad -lik « ) V *  2/3
b /a V 3 c /b 2/y
2/3 c /b
b /a 2/3 c /b V 3
V * 2/3 o/h 2/3
KnuriMln ( l% l )  has shoiA th a t  a d « fln it«  rttlatlonitfilp «xlst8  
bvtvaon th« Uirae d la m ta rs  of a  p a r t le la  as da flm d  tlbcnm awl «iMl«ll*a 
4[>h«rieit7 indices* and has bssn ab ls  in  th is  to  sapsrii^xw s eunres 
o t m<fxtCL sp h srie itjr  on '£Xngg*m o h a rt. Ths diserspeney in  iiK isll’s asthod, 
th s r s fo r s ,  can bs or«reon« tqr using sphsrleitqr graphs^ An add itional 
advantags in  using th i s  HSthod i s  th a t  Zingg psroentagss esn b« d ire e tly  
obtainsd which ccm stitu ts an u ssfttl inf<jrsation tilth  rssp ee t to  th s shiqws
’ ' f <F
of p a r t ie ls s .
In  th« pz'«smt study th s  co«rs« p tiT tielss o f t !»  bouldsr bsd wars 
f i r s t  c la s s if ie d  in to  2ingg shape o la s sss . F if ty  p«ft>hles and ooijtdes tvom 
•aoh horiaon of the bouldar bed In  the d if fe re n t oon lfie ld s Mere randoalj 
ae lee ted . The *a*« 'b* and *c' d in ^ ta r a  of each peblde vara SMSurad by 
a wooden slid ing-gattge. The r a t io s  b /a  and e/h  were Uian e JBfxited and the 
poaition  of each p^ fa le  waa p lo tted  in  a ap^» ric ity  gre|>h. PartielM i I j in g  
in  each ahape olaaa were to ta l le d  and peroenta^ea en lcu la ted .
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(3«)
FiguTM 2 snd 3 shaw th«  8 | ^ r i e i t j  p lo ts  fo r  Uie pebbles ani 
eobblss o f  th« baSAl and upper boulder bed r e s p e c t iw l j  Inoludlitg the 
eross-bsdded horis<3ns of ibe  l e t t e r .  tiOilu 3 auKaarlses the shape data 
in  te rse  o f th e  £li%g peroezitafies fo r  each eo a lfie ld  as abtained frtw  the 
sp h srio ity  p lo ts .
A studjr o f the  idtape data  shows th a t  th e re  i s  no asjrsteaatie 
▼ ariatlon o f shapse In  the basal boulder bedj <m the o ther hand there  
are SBrfced and reg u la r changes In  th s  upper boulder bed. The perosnctnge 
of ^^M rioiil p a r t ic le s  shows s jrs teaa tie  Insrease  from i«est to  e a s t fro a  
34^ in  th s  iiorth Karatfmra e o a lf ls ld  to  58^ in  th s  Jh a ria  c o a lf ie ld .
Thsrs i s  an eofually re({ular decrease in  the  percentags of p ro la te  pa rtic l«  
in  the sans d ire c tio n , i ^ i l e  th e  ob late  and t r i a x ia l  pebbles and cobbles 
sh>ir sp ec ia l preference. tha  cross~bedded horist>ns o f the  upper 
boulder bed show the sans trsnd  but Uie data  i s  not su ff ic is n t  fo r  aaldng 
aflor g w u ra lis a tio n .
Table 4 givss th s  frequency d i s t r ib u t i  >ns o f s f ^ r i c i t y  values, 
as detersdned fro n  the ^ h e r ic i ty  p lo ts ,  in  tenas o f t^w a r ith n s tic  aean
TABLg 4> 3P}lSiIClTT fAlUSS OP PSfiBL&S JUt) OBULiiS
C O A L F I E L D
• l ^ a l  boulder bed
t
' Uj^ier boulder bed 
1
* Croea-bsddad hori 
» sons
* Mean't 1
Standard
Deviation
* Mian* 
» * i^andard D eristion
' ^stfi' standard 
' ' Dsviati'm
^kjrth Karaniwrs 0.722 0.08f 0.728 0.081 0.730 0.083
South Karanpura 0.718 o.osa •  • s e e e •  •  •  • • • e « *  •••m•
Bokaro 0.731 0.098 0.696 0.096 0.752 0.086
Hs^giirti 0,726 0.068 0.700 0.071
Jh a ria 0.778 0.082 0.764 0.081
Hanlganj 0.770 0.083 e •  •  •  • e •  •  •  •
(39)
ani standard d«Tiatloo. Thsrv does not appaar a i^  0lg n if ie» n t <n* ragolar 
▼ arlation in  th« sph«rlcitjr vaIubb of th« p a r t ic la s  in  th«  d iffv ran t 
h o r lo n s  o f th e  boulder b«d in  a  givan coaXfiald nor In  tha  aaaa Korlson 
in  d iffa ra n t e o a lf ta ld a . ^towavar, th a  p a r t ie la s  o f tha biuial bjuld«r bed 
ara« in  gan^a l»  aaru apharieal than thoaa o f tha  upper bad. Tha standard 
d a r ia t i  ^is of the frac^anoy d i s t r ib u t i  >n» Si'wv no d e f in ite  re la tio n  to  aean 
spherieitjr*
A ooapsrison o f Tables 2 aixi 4 show th a t  no r e la t i i« i^ lp  whatso- 
ever e x is ts  beti#een roundness and sphw 'ie ity  o f p a r t ic le s  in  the  baeal 
boulder bed. The e o r r e la t i jn  bet%<een the tvo  i s  ra th e r  poor in  the tqn^er 
bed and i t s  erose-bedded horiaons.
S U R F A G S  T S X T U H S 3
F ettijo h n  (l957> p . 6^3) defines surfeoe tex tu res  o f p a rtic le s  
as the "minor fea tu res  o f th s  <;rain surfnoe, independent o f sise*  shape 
or roundness". These fea tu res  are gensralljr inpressed on the p a r tic le s  
of e la s t ic  depoeits during tran sp o rta tio n  but a lso  be due to  poet~ 
dep o eitisn a l changee. AM th e  surface ■orkiags are  s i^ w rf ic ia l in  
character* even a s a a l l  tran sp o rt i s  encxi^ to  erase them and therefiMre 
th e  presence of such fea tu res on th e  surface of p a rtic le e  shONS c le a r ly  
th a t  Buch a b r a s i^  and, therefo re^  long tran sp o rt has not taken i^aee 
a f te r  th e i r  d^>aeition.
I t  wae o jted  bgr e a r l ie r  workers (Fedden, tS?5, p . tdj OO.dhaa, 
1922, p. 2; Fcoc, 1930» p . 103) th a t  th e  s u r f t ^  o f s c »  o f the  pebbles
(40)
«iid oobblvB la  th« bouXdor bad b m r • t r l a t l  ms and sem to h ss . But no 
a ttaa p t mM mrAm bgr th«s to  study th is  o h n rae ta rls tie  in  d o ia l l .
>f th s  Yari xis minor fsa tu rsa  included under the  hsading of 
•surface tex tu res* , th e  nost oom^ <aa and iopoxtaxi^ are  th e  s t r i a t im s  and 
j^ooves on the surface o f pebbles and oobbies. The prominence and 
d ia tino tlT snesa  o f these Barkiaiss vnides with the eoaposltion and texUire 
of th e  p a r t ic le s .  Coarse g ra ln td  p a r t ic le s  Ulos those of /jran ite , 
p e ^ t l t e ,  gne iss , adca s c h is t  and o)n#<xaeratet bear no such mariclngie; 
pebbles of f in e  g a in e d  rock types usualljr shov s t r ia t io n s  and grooves 
on th e i r  «i;rfa«e. Fine grained c |aa rts ite s  show c le a r  but ns\trov and 
su p e rf ic ia l  s t r ia e  while greenstone pebbles ex h ib it praolnent and 
o oapn ra tiva l/ deeper sc ra tches.
The s t r ia t io n  p«ittem  on th e  pebbles and cobbles i s  s isfile  and 
co n s is ts  o f p a ra l le l  o r su b -p a ra lle l grooves W iidi, in  tu rn , ere p a ra lle l  
t o  th e  long axis o f th e  stones. t h i s  c h a ra c te r is tic  was a lso  noted by 
iiteitw^rth (t936a, p . 16) on oobbies o f kiLseonsin norainal dm>osits. In 
te rn s  o f tra n sp o rta tio n a l dynamics, th is  p a r a l ls l i s a  between th e  aax^cings 
and th e  long axes i s  in te re s tin g . S tr ia tio n s  are produced on the pebbles 
and cobbles in  s dlrc?ction p a ra l le l  to  the ioe aoveaent and since these 
have been found to  be p a ra l le l  to  the loqg axes, i t  follows th a t a t lea« t 
during tran sp o rt th e  long axis o f p a r t ic le  tends to  be p a ra l le l  to  th e  
d i r e c t i jn  o f ice  Kmuaent. Handoa and grid  p a tte rn s are canspieuously 
absent fron  th e  surface of pebbles and oobbies o f the  boulder b«i.
The l a t e r a l  face ts  o f sone o f th e  'Modified* pebbles uid c o t^ e s
(40
ar« tl» 9  oocaslofiallj s tr ia t« ( l .  The s t r la a  on mi<^ surfaco^niVy h9>«ver» 
y r v j  pointing dovAMurd towardB the prow, imd aro not so well developed
thoee on the  besa l e o le s . AocordinR to  Von Engeln i^930, p . 14) the 
■ a ric in g s  cm th e  In te re l  X«ceta a re  pnduoed t» e r v s u lt  of d i/fe re iA ia l 
noreaMf* between the pebblee and the Mebrie laden botton  loe*.
GHAPT>a IV
PSraOORAPHT OF Tffi Fl!IS F U S tlM
Tha **£1110 fraetlon '* o f th e  boal‘1«r bed has teen  studied la  d e ta i l  
vdth respect to  i t s  ■eehanioal eoapositi^^i^ adoropetrolosr and heavy iidiisral 
eontenb with a. view to  trao e  th e  inrovwianoe of th e  boulder bed and a lso  to  
c o rre la te  i t s  various horis^AS in  th e  d if fe re n t ooiklflelds o f the  UsBodar 
Tall«]r. This flraeti^jn e o n s titttte s  the a e te r ia l  SKtUer than  4 i a  
d ia a e te r .
The studjr o f th is  fraetiv«i has iitjt received ouch a tte n tio n  fagr 
e a r l ie r  v<cK>)«Brs and q u an tita tiv e  data  in  regard to  i t s  physical a ttr ib u te s  
i s  av a ilab le . In  view o f th is  f a c t  ths present imreatig.'^ti^n «ny substan­
t i a l l y  add to  our kno^ded.^ regarding the  conditions of se d in sn ta tijn  during 
tiie f o r m tim  of th s  T alch ir boulder bed.
M S C H A M I C A L  C O N P O S I T I O M
Field  aaaplinit
Bighty saa|>les o f the  f in e  f r a c t i  >n o f tiie boulder ted  vfere 
co llec ted  fron  unwsaUtered aones fro a  d if fe re n t lo c a l i t ie s  fo r  ^ a i n  sixe 
jinalyses. Most o f th s  saayiles were cu ilec ted  fro<4 outcrops in  a treaa  
beds, t e t  wherever p o ss ib le , sasfiles v<wra co llec ted  fron  v e r t ic a l  cu ttings
(42)
(43)
ot str«aai». Teriaus lo e a litl* s  tnm i4mi« saaplss M«r« obtttinad am
•h o «  in  Fl«. t .
Thtt a«]^>Xing aathods outU nsd h j  Krttab«in and P s ttijo h a  (l938J 
wer« /saaaralljr foXl^Md t ^ r  (4>t«lning r*pr»s«nt^tiv« saap las. Fiv» ftrid«lj 
•pae«d "oonpoufid* saiaplss of th«  f ia s  f ra c tio n  N*re collaoitMi f • a e h  
L >eality , e«eh being obtaln«d by eombinii^ fou r e loM ly  spaced
"•pot” aaiiplM so as to  sXiiaiiiatef as f a r  as poMSibls, th e  chencss o f 
ins«rporatiiig  sucn v^riati<n» th a t  leagr b« preswnt bat &rs not npparsrib to  
t>w unaitlsd « js .  Abxat fO lb s . o f each saaple wars a sc u m lj paeksd and 
l&bsXls4 fo r  fU rtbsr ia v ss tl^ a tio n  in  th« lab o ra to iy .
Analytical Froosdurs
About 2 lb s .  o f  th s  a ii^ d risd  f ie ld  saapls u srs fdaoad on th ic k , 
smooth packing ^  a  tuooden board and crusncd >gsntly by  a ti«ood«n ro llin g
p in  t i l l  reasonably s m U  agcjregatee ««re obtained. P a r tic le s  la rg e r  than
4
4 m . Msre resu^ved tsQr hand pickif^  daring the e a r l i ^  s t a ^ s  o f crashing slid 
l '; te r  iqr sieritig  Uis whole a n te r ia l through a 4 m» sieve. A rsprascintative 
sai^ le  UBS u l t io a te l j  iMained bgr repeatedly passing the Material so ^btaiaed 
through a Jones type saaple s p l i t t e r  t i l l  about ZXi-lfiO of the sandy 
matrix and 40-|00 gas. of t^te s i l t y  or elayegr sn tr ix  wsrs l e f t .
fiach ssople was aceurately  weii^ed on a cheoicel b/>lanoe aa1 aceopiing 
to  the  s ixe  of ths saep le , soaked in  « aaasured amiKuit (fOO'200 co .)  of U/iOO 
eodiua oxalate  s ilt t tia n . The tiies  alloMed fo r  soaking varied  according to
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th» naiurv o f t t»  »aapl«. IHost oruMbI«l a£tmr t))«j Mr* •oaksd
fa r  c4 hour* but soa* r«q|uir*d two t;) four d«7B a f  moaKia^ beforo thogr 
eouXd b« proparly d isagi'ragatad . A ll th e  sttiaplma from th» ahwr» rlY«r 
•e e tijf i in  the ««9t«m  p a rt of th« la^garh o o a lfla ld  and a f«w from ttM 
u p ; ^  bouldar bad in  th» itbst iii^aro and liorth Karanpora e o a lf la ld s  daflad 
a l l  Att«a|}ta to  diaagf.r«gat« tunA i<ara not analjra^d.
nM> aoakad saaple waa than rubbod with a rubbtnr paatXa t i l l  
diaaggragfttion waa ena|>lat« and during t h i s  oparatlon d latllX ad water with 
a eoneantr« ti >n o f l^iOO aodlua oocalata waa oecaalonally  »dd«d, care being 
taican not to  Inoreaao the to ta l  voIuom o f tha suapenax >n by jotb than about 
400 ec . The auapension was than  te s te d  fo r  ea*aplate d iapera i ^n under th e  
■icoriaeopa and passed through a 2U0 aesh B.S.3. a ie m  (aperture ^lenixig 
0.066 » . )  loqit mi a n a ta l  fum iel of 8 |  inches d la n s te r  and th e  M aterial t ^ o h  
posaed thrcwgli was e >lleoted in  a fOOO oc. bealcer. The residue was repeatedly 
waahad with .VlOO sodiuai oixalate so lu tion  t i l l  o le a r  liq u id  pasaed thztmgh 
the funfial. At th is  atage the  t o t a l  voXuaa of the s u ^ n s io n  waa ustaalljr 
kept a t  about 000 oe. and th is  was then tran sfe rred  to  a graduated i^ l in ie r  
having a sapae ity  o f tOOO ee.
n ie  conrse residua <>n the  2k0 mmh sieve a f te r  being dried and 
weighed m»s shaken fo r  tw en^  adnates on an AIK£L sieve shaker with the 
B.3.S. sieves Arranged from top to  bo ttoa  in  th e  decreaaing order o f UMir 
aperture opening. Table 5 shows the sieves used with t h e i r  a ^ r tu r e  c^ n in g s  
in  n iilll'aa ta ra  and the  correspondi«^; 4Sntworth l i a i t s  (iiimtworth l922b,
p . 382}. I t  i s  t o  be noted th a t  the a i l l i n e te r  e<mivalet^8 of mmbera
(45)
l 6 » 6 0 ,  1 2 0  a n d  2 4 0  n » s h  a l a v M  d o  n o t  e o i r s s p o n d  •X A O tlg r  w i t h  i * n t w o r t h
TABLB 5 :  S 1 KV1 3  O o tS ) AND T » S  C O H S ^ : » D I .{ G
«:<TW JR TH  (n A D S  U X I T S
B.S.S. %sh iiligrm opmoixig c lass l ia d ts  Oiffsrem
?to. ( » • )  (a a .)  (mi,)
5 4.000 4.000 0.000
fO 2.000 2.000 0.000
16 1.003 1.000 0.003
30 0.500 0.500 O.QOO
60 0,251 0.250 0.001
120 0.124 0.125 0.001
240 0.066 0.063 0.003
g r a d s  l i f l d - t s  b u t  t t e  d l f f s r s o o s s  .>ir« s o  i n s l g n l f i c A n t  t h a t  t h s g r  e a n  b s  
s a f s l j  l g i » r s d .
T h s  f r a c t i o n  e a u ^ ^  <xi s a o h  s i s v s  m b s  t h s n  w s i g h s d  a s p a r a i s l /  a o d  
i t s  M s l f h i  p s r c s n b a ^  o « l o i i l a t « l .
(Ii6)
Tte a«i«riaX  phSsIi^ throug)i U » 2i»0 aash si«v» Mad o«o«ht on tlw 
pan Mui added to  th«  Msp«wi>ja In  th« litr»>K raduat« and th« voltuw of 
iho attsponslan was Md« «ip to  «x&oil7  tOQO oe* tagr adding d istiX lad  vntor 
with a cm o o a tra tlo n  o f  aodiiw oocaXat*.' Tiw attspoiwian «na than
an&ljraod fo r  tha  f ln « r  grudaa h f  tha  p lp a tta  iMbhod (Knuabain nnd P a ttlje lm , 
193B, p . 166) .
Tha pipatta aaUiod conaiata o f fir a t thorougUjr Staking tha 
aaapaoaioa a atinrwr eM than taking out a 20 m . aaapla tha halp
of a pipatta at givan intarvala fron a dapth of tO aiu froa tha aurfaaa of 
tha auapanaion in  a ll  aaaaa axoapt for  aixoa laaa than l/l02t» wm. for i^ieh 
tha aai^>laa i««ra dram frcm a d^>th o f $
TASLS 61 TINS SCALS FOR PIP5TTS AHAU^ 
(Hodiflad fron Twnhofal & 
T jlar. 1% l, p. 5k)
Oiaiaatar
(■ a.)
Dapth from uhloh a&^pla drawn 
( « i . ) Hr.
Tina
. Min* See.
1/32 fO 0 ! 56
|0 0 7 U
i / i a s 10 0 31 00
1/256 lO 2 3 00
1/512 lO 3 |0 00
%/%02k 5 16 21 00
%/?0k9 5 65 25 00
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TABU 7i IfidUmCAL ANAUrsss OP TRK TALCHIR 3JULDIR BSD
(Gowamw)
c l a s s
i m . )
t
* B A S X G A A J  
t
c o a l p i s l d
« bamiid&r
• tS • a  '' i i  * • ^
4-2 1.09 0.92 0.55 2.57 1.8l»
2-1 2.52 1.57 1.89 3.94 1.95
1-1/2 6.67 4.94 5.43 5.72 4.54
i / a - iA 16.95 13.31 14.87 15.26 14.36
I /4 - I /8 20.12 22.76 20.99 22.65 21.57
t/a > t/ i6 10.67 12.23 10.55 9.98 12.36
l / l6 - l /3 2 15.64 17.81 16.53 16.69 14.32
i /3 2 - iM 3.78 6.05 4 .92 4.51 5.78
l/6 i» -l/f2d 6.43 6.54 5.53 7.22 7.29
l/t2 fl-l/256 4.84 5.18 6.74 3.85 3.68
1/256-1/512 4.01 4.03 4.13 3.49 4.58
f /5 ia - l/f0 2 ^ 3.98 2.72 3.82 2.53 4.74
t/tQ24-l/2Q4a 3.30 l .% 2.05 1.56 2.69
U7)
Sash p lp« tt«  sanpX* 1« tran sf« rr«d  to  a MBlgtied 50 oo. b^aksr and 
«iraporat»i to  dijm nm  a t  a  eonatont ta i^ r s tu j r a  o f fOO^C. in  an aJLactriealljr 
e jn troU ad  thmraoatAt and th a  M al^ t o f t l»  aadinant In  aaeh baaiMr la  than 
o^>^Mtad a f ta r  aaKing a e o rra o ti f a r  the w ei^it o f diaaolvad aodluK 
aocalata. Tha voltuaa o f tha  p ip a tta  a a ^ l a  balng f/50th o f tha  to ta l  suapaa- 
gioa (lOOO e c . ) ,  th e  v a l^ i t  o f  tho aadiaent la  la iltip lia d  by $0 ao aa to  
e >mrart i t  in  ta ra a  a t  the  o rig in a l walgbt and than tha  aaount o f aadioant 
In  aaoh gr»d« la  eo^putad by aub#traetlng  tha aucoaaaiva w al/^ta ao obtaliwd. 
From thaaa valuaa tha  walglit paroantaffB in  aaeh ^ a d a  la  e a lo ila ta d .
Aa th a  p ^ sa tta  nathod takaa oonsidarabla t i« a ,  tha  n o d if io s tix i 
Mggaatad by HlttaiUiouaa (l933c p . 'M )  m s  appliad . Tha t i a a  ta b la  fo r  tha
-V
drairing of sanplos waa so arrangsd th a t  tha  prooaaa of ahaklng th a  aospansion 
in  batwaan aaopling waa raduoad to  a xdniaua anX in  th is  voqt i t  was poealbla 
to  run a b o tta x j of 5 unaljrsaa slaultnncKwaljr.
a t a t i s t i e e l  traatiSMit o f tha  data
Tha raa u lta  o f tha asohanieal analysaa of tha f in a  fra c tio n  in  
tha  various e o a lf ia ld s  appaar in  Xeblm 7 fo r  raady o^apariaon. Ctf tha dO 
aoaplaa analjrssd, 40 ecwB fr<M tha b a sa l bouldar bed* ai^  20 each from  th a  
upper bouldar bed and i t a  croes-bedded horiatsia. As mmnti.omd marliMr, 
f iv e  oofl|X3ttikl BMpIes fr^4i aaeh loo^^litj vere analysed and as th a  reau lts  
of the analjaee ahov a /^reat u n ifo rs i ty  in  aeehanleal ^>apQeiti>n a t  a given 
lo ea llty *  th e  s r e r a ^  o f $ analyses m s s  deterained fo r  the purpose o f g r a i^ e a l  
rapresee^ation  of the nachanieal cosposition  of th is  f^ n e tisa . The averase
(48)
analjraM appear in  Titbl* 8 in  Hhioh eeoh v e riio a l »>luMn te a rs  a ouoiMnr **
tlM nuaarator showing th« s s r ia l  nudbsr o f th s  a v s ra ^  a n a l /s is ,  Hhila tha
dsnoninator showing tha  saopls lunbsrs fo r  which th« avsraga stands. For
axaaplSi th s  ounter 5 In d ica tss  th a t  the a s r ia l  ntuiMrr o f the avemj{e
21-25
anslgrsis i s  5 and th a t  th s analjrsis l is te d  in  the ojQunn r ^ ra s w its  the 
•iTera^ o f saofile nucribers 2l to  25*
H istogram  showing Uis s ia e  frecfuenej d is tr ib u tio n  o f the fine  
f ra o tia n  o f  the  baeal bsulder bed from th s various eo a lfie ld s  o f th s  Uasndar 
Vallagr e in s tru e ted  fro a  the  da ta  given in  Table 8 , appear in  F ig. 4*
Oiagraae »-h show «ioh raaaahlanc* to  one another in  th e i r  ^ n s r a l  appearansef 
apeoialijr in  rsspeet to  th e i r  so r tin g , th s  poI/«Jdal nature o f the  frequency 
d is tr ib u tio n  and th e  amjunt o f a a te r ia l  in  the  wdaX c la s s . In  a l l  diagraas* 
th e  A a te ria l i s  spread over 13 WMitwirth gra4es and sh^jiei a poijnndal s ia e  
trorgMnay d istrib tttit>n  in d ica tin g  thsrebgr th a t  the a a te r ia l  i s  very poo rlj 
so rte d . The eh ie f ing red lsn t in  d iagraas ar-d l i e s  in  tha f / l6 - t/3 2  aa. e lass 
(very coarse s i l t ) «  ^ i l e  th e  next most prominertt aexte l i e s  in  the  lA - t /8  aa. 
c la ss  (fin e  sand). In  d ia ^ a a a  e>h th s  ch ie f ingred ien t f a l l s  in  the  i/U- 
f/8  am, o laes and the aeondary  node l i a s  in  the t / l 6- t /32 aa . e la s s . ^ s  
th s  p o sitio n  o f th s  aodal e la ss  and the eeeondaiy nade i s  interchanged 
between tha two nets o f histograne* F tirther, the  fine  edmixture in  d iai^aas 
a-d equala the  eoaree adaix tu re , but in  diai^aisi e-h  tb s  f in s  admixture 
g re a t! /  exceeds the eoaree and th e  freqoenogr d is tr ib u tio n  i s  ekewsd to  the 
th a t  i s ,  towards the f in e r  fr& cti >ns. The amount of m ateria l in  the 
»x1al c la s s ,  irrei^Teetive of i t s  p o s itio n , i s  alwsys sm all and ranges from 
f? .% ^  b7 weight in  diagram c to  23.25^ in  diagram a .
(49)
Fl|ptr« 5» dlagroas shows tim  s is»  frequsney d isirlt» tticm  of 
th s  fin*  frftOti<m o f tha  uppor bouldar bod, whilo d iagram  o-h show tho 
• A M  c h « rao to ris tie  o f tho erooo-boddod horisons. tiore a 1 * o  «  eloos 
roooablAneo in  g rasra l appoamneo botwoon d la ^ a ju  ard on t t e  oam hand and 
o~h <m tho o tho r, la  tq^aron t. Tho tu to r ia l  In  tho  bcnildor bod la
•praad ovor |2  to  13 mintworth gradoa and aht>wa a poljnosdal alaa d is tr ib u tio n  
anl in  th ia  roqpeet i t  dooa not d i f fo r  trom tha basal bouldsr bod. Tablo 9, 
hovovor, shows th a t  90.86^ to  96.05)( o f tho  m ateria l b j  tfoi^ht in  th is  
horis^a  f a l l s  In  9 dftntworth gjrados, uhilo  83,6i% a t  tho OBtMrial fagr m o I ^  
in  tho basal bod f a l l s  in  th s  saiaa ran«s. l a  oon trast to  ^ i s «  
to  9l.92jC o f th s  m storia l in  th e  ero8S>boddod h<»dsQas f a l l s  in  o n ij  6 
grades.
n te  ohiof ingred ien t in  h istograas o f tho upper boulder bed l ie s  
g sn s rs liy  in  t//r* t/8  a s . o lass ( f ia s  sand), taut in  Kig. 5> d iagraa  b , i t  
l ie s  in  l~ f/2  on. e lssa  (coarse sand). In  th e  oros8»beokied horis^ns th s  
e h is f  ingredient oooupins th s  2 - t  na. o lass (Tory ooarse sand) exsept in  
diagnus e in  whieh the  aadal c la ss  f a l l s  in  t/2 -l/l»  an. d a s s  (osdiua saad ). 
in  a l l  cases, th s  f in e  adaix tu rs g rsa tiy  exoeeds Uk ooarse and the s is e  
frocfttonogr d is tr ib u tio n s  are skewed to  th e  rijs^ t, but tho skewnass i s  aut^ 
le s s  promimnt in  the  upper boulder bed as ccMapared to  th e  oroas-bedded 
horiaans. Ths a sm n t of a a te r ia l  in  Uie nodal c la ss  in  th s  opper boulder 
bed ra is e s  f ro a  1 4 .9 ^  by w ei^it in  diagrtus d to  i6.0&t in  d iagraa  a , in  
the  eross>bodded horisone i t  v<jrles f r w  22»Bvi in  d iag raa  e to  25«9l)( in  
d iag raa  f .
C L A S S  • 
im u )
*-2 
a - f  
1- 1/2 
i/a-iA
1/ 8- 1/16 
1 /14-1 /32  
l /3 » - l /6 4  
I /6 4 - I / I 2 8
*
f /l2 » > t/2 5 6  
1/ 25^ 1/512 
t /5 l2 > t/t0 2 l^  
t / t0 2 lr-y /a 0 ^
(50)
Xaiksmoh as h l a t t ^ s a s  repraM iit a  d ise re ts  f  reqaenoy <ilstribu!tl<m 
«nd a lso  beoiiUM th v lr  shnp«8 are n /fae ied  tgr tha  choice o f tho e lnss H a l t s ,  
a el«ar«r and « n>re p rse lsa  idaa o f the s ia s  tre  fxmnaj d ls t r lb a t ia n  eaa 
bs obtained fagr draMln^ cuoulntlTa ft^quanoy ourvaa udiioh a j t  cnUy rapraaent 
a oimtinaottB d ia tr lb tttlo n  but a lso  y la ld  d i r e o t l /  aavaral valuable s ta t la -  
tleaX  p a raae ta rs . Tha c tuu liitlve  frecfttanogr <mrvas representing  l6 nvaraga 
a n a ljm a , appmmr l a  F ig . 6 nJxt eonstructad b /  p lo ttin g  ^  to ta l  v e l ^  
paraantnga l a r ^ r  than the l i a i t ln g  diaansione (ooarsar) U atad  in  Table 9 
against the d ian s ta rs  o f eaah f ra c t lJ n  In  PHI xinita (Kraobain l934» pp* 65- 
77)* SOnutfMln'a PiU acala  ie  o f ^ a t  value in  tha  analysis o f sadiaantary 
data  and has been used in  th i s  invaati.'A tion in  preferenoa to  tha ^ o o e tr io  
a iU isK ta r  aeale* lliia  i s  so  fo r  the reason tito t logriU uiio  g rai^  paper 
ia  not required  fo r  p la t t in g  the  d a ta  and the readinga obtained fr> a  the  
aant^prth soale can be p lo tted  d ire c tly  on ordinairy A r i t h a e t i o  g;raph paper. 
Also, the ctti-ves :>btained Are sore sy n ae trio a l and soon of the  a ta t l s t i e a l  
C'>nstants obtainsd on th is  sca le  a rs  wL^ rm e a s ily  v isu a lise d . I f ,  hOMSvar, 
the  a l l l l a s t e r  artuivalM ta of the  PHI valuse are needed fo r  su b s titu tin g  
in  fo rau lae  o r fo r  e a s ia r  ooi|7i*ehenslim of the va lues, reference can b« aede 
to  oonvarslon ch a rts  (Kruabeia, 1 ^ ;  T ntesdell and Varnes, 1950; Inaan 
1952), o r to  an exea llen t conversion ta b le  published recen tly  bgr Page (l955, 
p p .  286-291).
The re la tio n sh ip  between tha  ^tontworth grade l io i t e  and the  PHI 
ao»ls i s  as fd lo tis x -
100
90
75
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Eacli curve represertts the composite cf jive analyses.
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Fig. 6. Cumulatli^e curves showing mechanical composition ^ th e  matrix oj^  
theTalchlr boulder beds In theDamodarValley CoalJ\elds,
(50
Dla—t# r  in PHI D li« t« r  In nn. PHI acaU
k -2 1/32 5
2 -1 1/64 6
t 0 1/128 7
1/2 1 1/256 8
iA 2 1/512 9
1/8 3 1/1024 10
1/16 4 1/2048 11
Ths eum lA tiv* fmqiMiiKgr eurvM appearing in  F ig . 6» te w  bMn 
nuaiMrad t to  l6 « «aeh auab<ar rapniM nting tiM sm rial mrdbnr of th« 
analyal* in  Tiibl* 8. Ttw cunrss f a l l  b road l/ in to  th rea  groupa Wiieh ean 
ba diatlngulahad in  tha c e n tra l p a rt o f tha  fif!^ra -  iprotq) I  e^xitaina eorvaa, 
t> 4> 5» 9» 11» 13> 14> it l6 tM eh »how th a  oaehaniofil ooopoaition of tlia 
baaal boultiar bad, vh ila  /7019a I I  and I I I  eonalat of ounraa 2 , it, tO, f2 
3» 7> 8a 15 raap ae tiv a ly , tha  furanr rapraaanting tha eonpoaition of Um 
ttppar bouldar bad nnl tba l a t t a r  th a t  o f th a  erMa-baddad horizons. n>« 
d if fa ra n tia t io n  batvaan tha  e u w la tiv a  ourvea o f group I  asd thoaa of groupa 
I I  and I I I  I s  vary e la a r  aa rtndiera do tha  curves o f th e  to r m r ,  whioh 
coRBtituta a la^ad bani in  tha uppar and adddla pa rta  o f tha  overlap
thoaa of tha o ther tv> . Tha ounraa 5 k  9 d av ia ta  froa  tha  ^ n a r a l  trend
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in  ih» loMsr p a rt o f tiw  figor*  iind tmrne with those of tho otbor tMO group* 
Ju s t above the  5^ l in e .  Curves of ^ Ju p s  U  and 111, u lth o u ^  finn ing  
d i s t in c t  bAids In  the  upper o sn trs l p a rt o f the fissure, overlap eaeh o ther 
a t both the  fin e  and ooarsa etids o f th e  d lstxdbutlon .
eanventlonal s t a t i s t i c a l  oo is ta n ts , nawel/ th e  aadian 
th s  f i r s t  (q i)  and the th ird  (q3) f ^ r t i l s s  and the  n in e tie th  (P 90) and 
the  te n th  (P lO) p e ro sn tila s  tiere direct^or read in  te ro s  of the  PHI u n its  
f ro a  the  ourves b /  reading PHZ d ia o s te rs  0(>rre^^nding t^ } fre<iueneias of 
50, 25* 75» 90 and 1Q^. ItMilr a t lU a e te r  e< ^iva l« its *mre deterainad with 
th e  help of the conversion ta b le  lesatijned e a r l ie r  (Pags, lo o . c i t .)«  The 
s t a t i s t i c a l  constants and the  n u a rtile s  lasasurea ca lcu la tsd  frosk thsai appear 
in  Table 10.
The aedian diam eter, ae defined bgr Kruabein and P e ttijah n  (l938, 
p . 229)* i s  th e  "aldd lesust amabmr o f the d is tr ib u tio n ;  i t  i s  th a t dlAiastar 
whic^ i s  la rg u r than  50 per cent o f the  d ia a s ta rs  in  th e  d is tr ib o tlo n  a»1 
s a a l le r  than th e  o th er 50 per cen t" . I t s  v»lue in  tem n  of PHI u n its  can 
be read ily  deterainsd  fro a  ttie  euau lative  f^ q u sn c j  curve by reading the 
d ia a e te r  value on  the PHI soa le  ^ rresponrling  to  the po in t ^dmrm the 50 
per cent l in e  cu ts  the  curve. 'me asd ian  values of samples fr>m tn s 
various horis>ns o f th e  boulder bed, appea ing in  ta b le  lO, d i f f e r  a a te r ia lljr  
fro a  one another. Thoee o f th e  basa l bsulder bed range fro a  2.750 to  
4 .f5 0  (0.14 na. t a  0.0563 am .), while the variaticm  in  th e  i^>per boulder 
bed i s  from  1.750 to  2.200 (0.2973 ■«. to  0.2176 a s . )  and th a t in  the  cr^ss- 
bedded horiaons from 0.350 to  1.300 (0.7846 nts. to  O.4O61 a n .) .  As tbs
(53)
rang* of aadJUtn Talusa In  angr jo» horis^n doaa n>>t o w l« p  th a t  of th«  
other* and aa tha vaJUiaa are a lK nlfienn tly  d if fa ra n t from am  ansilier, i t  
■ay ba ooneludad th a t  tha f in a  f)r»eti nta of tha  ttiraa  i'tarlsons can ba 
d if fa ra n tla ta d  on th a  baaia o f th a l r  oadian d ia a a ta r  valuaa. fin a
fra e tio n  of Uia baaal bouU ar bad an an avaraga i s  fln« r grained «a 
ooi^iarad to  tha upper one| and th a t  o f the oroaa-baddad liorisom  la  the  
eoaraaat.
Another iapo rtan t s t a t i e t i e  o f tha a ioe frequencgr d ia tr ib u tio n  
o f a aadiiaant i s  i t a  avariMSS spread about the  fflsdian. Although several 
types o f dev ia tion  aeasures sxm (w ailable fo r  the de te ra in tition  of th ia  
eharfvcteristie« only ths ^ o a a t r i e  and the FHl q tia rtile  dafriations have 
been ealoalated  in  th e  p resen t work. The geoaetrie  < ^ r t l l e  laaasure ~ 
the so rtin g  o o e ffie lan t o f Tr«alc ( l 932) -  i s  given tfr f<»r&ul«i So"(qi/c0)^ 
and, belQg a r a t io ,  has tha advaiAage of e lia ln a ti i i^  the  sisse fa c to r  and 
a lso  the  u n its  o f aausureaant. I t  i s ,  th e re fo re , superior to  the ec^ai- 
va leo t arithaw tio  M asure. ' Aeoonding to  Trask (loo . e ^ . )  a so rtin g  
ooeffio ien t value o f 2 .5  or le ss  ind ica tes a vmH eorted sed iaan t, a value 
of about 3 shows nonsal sa r tin g  Uhllm  values la rg e r  than  4-5  iad ica te  pota> 
sorting*
Ths PHI 4 p a rti le  d ev ia tio n , i ^ e h  i s  a lso  a aeasure of tha apread 
of the  frequenogr d is tr ib u t io n , is  given by the  fi»’iaila  •  t/2(o3if -  aijf) 
and represen ts hsli* th e  spread between the t t ^  o u a rtile s  d ire c tly  in  terns 
of th e  nuaber o f vjsntwsrth grades inv<d.ved. For exaaple, a ^  value of 
4.44 ind iea tea  th a t  AiAwcirUt grades U s  bstwsen the f i r s t  and ths
(54)
th ird  q|U«rtilM . I t  is  fo r  th i s  rasson th a t  the  PHI q a a r til*  duviatim i 
▼alucsy In  eo n tra st to  th« eifulvalm it g» o m tric  vsIim s, oan be dlraetljjr 
ueed fo r  eo^pering the relA tive spread o f d iffe re n t a a a f i l^ .
The So and ra luee  fo r  the a v e m ^  analjsee  are  l is te d  to
Talale tO« The So vnluee fo r  t)ie boeal boulder bed, whloh range fro a  2.65 
to  4*21» ^ow  th a t the  fine  frao tio n  in  th is  horlson i s  v x te ra te l /  to  a laost 
p o o rlj eo rted . For the upper boulder bed th ese  values r a n ^  froai 3*82 
to  4«60 indionting  th a t  th is  f ra c tio n  i s ,  on an a v e ra ^ ,  aore poorljr sonrted 
as coi^}ared to  th e  fa m e r . The sane eonolusic^n i s  reachad ’^ ten the ^  
Tftlues are  exaained and since the  PHI q u a rti le  dev ia tion  i s  a lo ^ rlU si, 
a d ire c t  ccM|»arison between these  values fro«  the  t«io horiapns can be mode. 
Ae a re s u lt  i t  i s  seen t h a t ,  cm ^  avBrngs, th s upper boulder bed i s  about 
tiflBS aore poorly sorted  as eaa^parfA t a  the  basal bed. The crose-bedded 
horisons o f tns ui^per boulder bed show a range of 2>o values fron  2.46 to
2.92 in d ica tin g  th a t  the f in e  f ra c tio n  in  these  u n its  i s  well to  aoraally
so rted . A coi^fntrison o f qp^ values 9hoi« th a t  th e  upper boulder bed i s  
raagjhij fj| tia&s more p o o rl/  so rted  as coo|Mred to  th e  er^ss-bedded 
horizons.
The d if 'e rs o e e s  in  th e  te x tu ra l  ooMfKMiti^n Between the vnrious 
horisons of the boulder bed ars b r o u ^ t  out aore c le a r ly  i i^ n  th e  per 
oent ooeposition of each sanple in  te rn s  o f the sand, s i l t  and c lay  pro­
portions (Table I f )  i s  p lo tted  on a tr ia n g u la r  d iag raa  as in  F i^ . 7 .
The po in ts  rep resen ting  the  80 saaples fUUy analysed f a l l  c lea rly  
in to  th ree  groupa. Ttie loMest ipraup o f po in ts (loweat sand contei^) in
TABU tft FmOWttMm QCMPOSnKM (F TALCHIR BOUIDSB B8D
S . m . • sm  % • SILT 3f » 01.4T :C ' 3 . SO. « SAXD • 31SJT *
t . 43.3< 47.69 3.93 15. 89.2(» 8.82 1.9I»
2 . 47.72 46. 4P 5.88 16. 51.10 40.13 8.77
3- 52.70 40.07 7.23
•
17. 43.06 45.12 11.82
4- 57.01 35.99 7.00 18. 44.05 46.95 9.00
5- 53.39 42.09 4.52 19. 47.21 9.97
6. 74.99 22.36 2.65 20. 46.54 43.91 9.55
7. 75.65 21.33 3.02 21. 59.73 35.26 5.01
a. 79.11 18.43 2.46 22. 56.96 34.52 8.52
9. 00.72 17.18 2.10 23. 53.24 36.75 10.01
to. 79.5B 19.30 2.12 24. 56.65 32.41 10.94
11. 84.72 10.69 4.59 25. 57.02 36.05 6.93
12. 87.49 9.99 2.52 26. 70.09 26.92 2.99
13. 86.S5 10.14 3.01 27. 74.02 23.13 2.85
14. 87.15 10.66 2.19 28. 72.84 25.01 2.15
TA3LB n s  oof*osiTi(M or tA U s m  BouiDss sbu <conri«sD)
s .  NO. * SAm % * 31LT % '  CUT Si * S . HO. * ^Atf> % * SILT $ * GUI %
29. 72.49 22.73 4-78 43. 60.95 36.33 7.72
30. 70.32 24.51 5*17 44. 59.27 33.21 7.52
31. a i .%  14.02 4 .04 45. 58.50 33.99 7.51
32. 83.74 12.73 3.53 46. 74.23 21.98 3.79
33.  84.62 13.29 2.09 47. 70.43 2J».30 5.27
34. 82.12 12.56 5.32 48. 76.53 20.47 3.10
35. 83.68 12.43 3.89 49. 70.3^ 25.51 4.17
36. 82.34 13.89 3.77 50. 70.97 26.32 2.71
3 7 . 91.04 6.08 2.88 51. 62.51 30.56 6.93
38. 85.92 11.58 2.50 52. 64.92 29.44 5-64
39. 88.47 8.26 3.27 53.  56.86 29.84 13. 3O
40. 84.99 12.49 2.52 54. 60.55 31.94 7.51
41. 60.30 30.52 55. 54.99 36.74 8.27
42. 58.03 31.51 10.45 56. 68.92 24.41 6.67
TkBUi l i t  PSBCSrffAQS COHraESlTION (F TAL9US BOULDSS BSD (CO^IitlSD}
S . so • 3 a »  % • SILT ♦ CUT * S . HO. » SAJ© * s m  • CLAI $
57. 67.52 25.31 7.17 69. 52.79 36.20 11.01
5«. 68.13 2^.78 7.09 70. 50.55 37.32 12.13
59. 70.01 23.56 6.43 71. 93.19 5.26 1.55
60. 71.52 23.97 4.51 72. 90.25 7.49 2.26
6 t . 57.53 33.20 9.27 73. 91.75 6.29 1.96
62. 53.65 35.12 11.23 74. 89.90 5.78 4.32
63. 58.40 31.79 9.81 75. 92.20 5.94 1.86
6k. 38.10 34.39 7.51 76. 58.02 30.69 11.29
65. 59.03 34.84 6.13 77. 55.73 35.58 8.69
66. 54.82 35.63 9.55 78. 54.28 35.72 10.00
67. 54.81 35.39 9.80 79. 60.15 32.27 7.58
68. 55.67 35.84 8.49 80. 56.92 31.07 12.01
BflS^L l/PPER CfiOii
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FIG . 8. RANGE OF SAND AND 
GUY PERCENTAGES 
IN THE TALCHIR 
BOULDER BEDS.
F IG . 9 . AVERAGE PERCENTAGE OF 
sand AND CUT IN THE 
TALCHIR BOULDER BEDS*
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th> dlAgrsa rapresvnts th» aM hanieia eo^xM ltion o f th s  bttsal bould«r bed, 
the  om  th a t  o f  th e  i^yper bould«r bad And th«  uppMT sawt groitp
(higtMst SAXid eonbvnt) ahous 8«a|)la8 from tha eroaa-beddad horiscma. In  
no aitaa doaa tlia  b>nmdar3r o f om  gr^nxp ovarlap th a t  of tha o th er, taut ttioaa
 ^ I
of tha  uppar bcialdar bad and th a  do8a->baddad horiaona are Tai7  eloaa to  
aitf^ othar* Tha prooclaity of tha  t io  booadarlas h«a a  ganatio al^ilfloi^iaoa 
In vlaw o f tha  fa c t th e t tha eroaa>baddad h»il»ona raprasent tha raworkBd 
portiona of tha boitldar bad.
F ig . 7 o laarljr a h o ^  t t te t  tha  diffaarantiatxon batMeen tha  th raa
horivina o f tha  boaldar bad on th a  baaia  o f tha par cant eoopoaltian of 
tha  a«^>lea ia  a n tir a V  v<ilida ^^ua oonfiroLtg tha findinga of Krunbain 
(1933, p . 404)f (1953, p . 4 t )  and Dreinanis awi HaaTaly (l953»
p . 245).
Tha ranga in  parcantaga o f aand Mtd olajr in  aa^plaa o f tha varloua 
horitona o f tha bouldar bad appaara in  Tabla 12 and ia  rapraaarttad graphi-* 
ealljr in  F ig. d .
TAdLS I2i R A ^  IX PSMC>^ <trAat£ F  aAMD Alt) OUT 
ttoriaon ^and Clay
Btoaal bouldar bad 43.06 -  60.95 3.93 -  I2 .l3  (baaad on 40
aanplaa)
Uppar bouldar bad 67.52 -  80.72 2 .i0  ~ 7.17 (baaad on 20
aii^plaa)
aroa»-baddad horiaona 01.94 -  93.19 t.55  -  5.32 (baaad on 20
aaoplaa)
(56)
Cowldvring ih« Ijurgv a f n  OJ*r«rad fagr tha  •Aifjles anl th 0 r« la tlv» ljr 
s o s l l  v a ria tio n  in  th«  a«ai And a lu j  peroanta^m , i t  i s  apparvnt th&t th* 
▼arious iwrizani o f  the bouldvr bed tarm tax tu ra lljr  < ^ t«  hcNBogBosJus throujj;b> 
oat thu Daaodar V allqr O oalflaM a. P u r t te r ,  i t  i s  o l«ar from tiis &)m» 
data  th a t  th«r» ! •  overlapping in  the  pcreeitb^g* of aand v n rla tio a  between 
t)w baaal aivi th e  upper baulder beds and the two e^n be d if fe re n tia te d  froa  
eaeh o ther on the basis  of th « i r  sand p w o e n ta ^ . The d iffe reao s between 
the iq>per boulder bed Md the eross~bedded horisons i s  not sharp in  th is  
respec t nid & tra m d tlo n  mgj be found i f  i«»re anaijrses wsre run.
Ths a v s ra ^  nsehanioal eoqposlti jn o f the boulder bed in  ten w  of 
th e  sand, s i l t  and s l a j  psrosrfcaipes I s  given in  Table O  and la  al«o shown 
graphloally  in  F ig. 9« The d a ta  I s  s e l f  exp lam to ry .
TABLS 131 AVmAilS f«(»AiaGAL GM>(BZTIJN
( m
Horison aaud S i l t  Clay
Bssal bauider bed 5S>68 36.14 d .fS
Upper boulder bed 72.76 23.20 4-04
Croes-bedded horisons 87*19 9.96 2.85
(57)
m C B 0 P B T i t 0 1 . 0 G X
Ba»al bouXdT bed
la  th« hmni apaeitaen iiw f ia a  A ra e tio a  o f th« biasal boultter bad la  
XTMii to  blnekish gr««a in  colour and im compact vhma fresh  but cruables 
oa iMAth«r«(i m trfaM s. This A r« e tio a  i s  vary p o o rlj so rtsd  and consia ts 
of angular p a r t le la a  o f aXl alaoA and of d if fe ra n t  o«^>oaltit>n aeattarad  
in  a f ia a  atrueturalM is M atrix. I t  ^ppaara u n lfo m  both v « rtie n lly  aol 
horisKHitalljr aa rag»zda i t a  co lo u r, tex tu re  «ni! ooapositi jd throttghoat the 
OaMOdar ?all4qr C oalflalda .
In  th in  aeoti-na» th i s  f ra c tio n  ahoMa a rM arkablo te x tu ra l  uni- 
foraitgr. P la te  U$ F igs. f~4 laaci p la te  5> Figa. f and 2 i l l u s t r a te  th is  
fea tu re  arri aJt >w the general nature of th e  rock in  the vnri<Ms coa lfia lda  
under low B agn ifica ti m« The aost eharsA terta tle  fea tu re  o f  th is  fraetiem  
i s  the  preaenee of iJgundiint daric, olayagr. p a s te -lik e  O e tr i ta l  a n tr lx  in  
ithioh are sca ttered  p a r t ic le s  o f Y arijus a i»es axui d iffo re n t e o a p o s i t i^ .  
The coarse d e t r i t a l  f r a g w its  which oona titu te  thR franewux4c of the  rock, 
show {Hracticallx no poin ts o f contact aid the in terven ing  space i s  f i l le d  
up with th e  M atrix. The fraiaawvk of th e  rock ia  therefo re  d isrup ted .
I t  ia  iap o rtan t to  no te, hoMsver, th a t  the d is t in c tio n  between tha  fraite- 
work and the  Matrix is  a rb itra ry  and th a t  fragHsrtts a ttn lle r than about 20 
aicrtm e have been included in  th e  l a t t e r  (WilllaMS and o th e rs , 1953> p. 297 
foo tn> ts).
(5a)
Another liqportant t« x ta ra l feature  o f th is  f r a o t i jn  i s  the  9tvxrm»tM 
T a r ia tio a  in  s iae  o f the d e t r i t a l  eone tituen te . P a rtie le e  o f a l l  s is e s  
f r ^  la rg e  fragnirits to  e lay -sisw i gTsiiw l ie  aixed to g e th er, ba t no 
p a r t ie o la r  s iae  anieare to  be doalneat. Am la  o le a rV  In  the  flgtiree
■entioned aA>ove, th e  ataeolute d iffe rence  in  slxe  o f the p a r tie le e  i s  more\
than  100 tiia te  showing thereby th a t  the so rtin g  of th is  Araetidn i s  veiy 
poor.
The h i ^  degree of angu larity  o f the M ajority of d e t r i ta l  grains 
i s  a lso  a notoMOrUQT fea to re . 4 l l  the g ra in s , however, are  not equally 
angolar and th e  degree of roundness att<<^ined by a given p a r t ic le  i s  deter> 
adned by i t s  physical ^ r a o t e r e .  jo a r ts  grains are invariab ly  angular 
but r o ^  fragaen ts, lik s  shale and s la te^a re  r-iunded to  w ell rounded.
This i s  seen in  P la te  4 , F ig . 2 in  the  t4>per left-hand  com er and in  P late  4 , 
F ig . 3 in  th e  lower c e n tre . A fra^aen t of coarse grained c|yuijraite in  the 
c en tra l portiori of P la te  4» F ig . 2 i s  sharp ly  a n ^ n r .  In  gsneral the 
f in e  grained, so f t  rock fr^g^aMtts show a b e tte r  rounding of th e i r  edges as 
ct»v>arsd to  the coarse graiasd cmes. Felspar graifM are o ften  rounded 
to  sub-rxinded as in  the le ft-hand  centre of P la te  5 , F ig . 2 , but angular 
g rains also  occur oocasi«xially as in  the left-hand  t t ^  com er of P la te  4 ,
F ig. 4 .
The cui4x>eitian o f the f in e  f ra c tio n  of the basa l boulder bed i s  
complex and varied  types of oos|>onBnts d if fe r in g  in  t h e i r  slneralocy and 
tex to ra  constittA e the  bulk of tha rock. In sp ite  of i t s  iteterogenecxia 
co^pceition , th is  frac ti(m  i s  reaaricably unifowi in  character throughout
TABLS t4( HDAL COMKlSlTl Of THS TIM, FaACTlOK CF TIS
BASAL BULaSR BE3)
(PER C5Hr)
Coalflald g iu r ts F«l«par»
Roek
frngMKits Mioas
Minor
R00«M0rl«i Matrix
20.75 t t . l f 7.65 1.23 1.33 57.93
north Karunpurai
20.30 8.70 5.26 1.36 1.49 62.89
22.67 10.97 6.33 1.37 1.90 56.76
29.92 8.64 7.49 0.12 2.01 57.82
25.27 6.52 10.29 0.28 0.16 57.48
south Karaqpura
30.16 7.24 11.98 0.00 0.62 50.00
24.27 7.48 11.80 0.62 0.64 55.19
27.2d 12.33 8.92 0.00 1.88 49.59
29.07 12.66 12.60 0.00 0.09 45.58
■4tB% f t ^ r o
29.19 f0J»8 10.40 0.00 0.63 49.30
28.62 9.75 12.40 0.00 0.72 48.51
25.36 1O.23 6.99 0.42 2.12 54.88
(2)
TABLS 14* modal OMPOSITDH CF THS FIHK FRACTIIN cf thb
BA3A1. su L o m  BiS) (G a m m m )
(PW  CS ift)
OanXtimlA Qiurts PslBpar*
Rock
AragMriLs Mieaa
Hlnmr
aeM asarlaa % trlx
32.09 8.24 9.73 0.00 0.73 49.21
fUi^gsrh
31.62 9.91 9.27 0.00 0.68 50.52
30.32 5.27 8.10 0.00 0.55 55.76
26.55 13.88 7.56 0 . x 3.11 48.90
26.33 12.01 10.76 l . lO 2.17 47.63
jh a r ia
28.44 13.62 7.58 0.00 2.91 47.45
30.20 11.78 8.27 0.75 2.01 46.99
30.32 12.33 9.65 0.00 1.8a 45.82
32.14 11.92 7.40 0.00 2.17 46.37
33.«7 6.50 7.56 0.00 2.93 49.14
30.28 9.15 7.22 0.00 1.96 51.37
32*31 10.75 8.11 0.00 1.98 46.85
(59)
tlM OModar Vallay Tabls 14« shtnA the Modal oo9fK»sltion of
th l«  Ar«etlon tnxa  t h t  diffmrmnt
Qoartz la  th«  nKWi doMlvuint constituen t o f th s  fraiasMork and i t s  
aaouAt v aries  fro a  20,30% to  • The g ra im  &ra gemraIXy c le a r  but
qu ite  a few fcrm turbl<i> eonftalning vnrioue types of lneli<8i.>ns. The large  
(Quarts g ra in  in  P la te  7 , F ig . 2 show  a c lu s te r  o f dusty  and aoeioular 
ino lusions while the  l a r ^  g ra in  in  the e en tra l p a r t  o f P la te  7 , Fig. 3 
shoNs ssMill to u rm lin s  and r a t i l e  ino lusiuns along with m m roa»  an id en ti- 
f ia b le  dusty p a r t io l i s .  I t  i s  j^ e r e s t in g  to  note th a t generally  th e  
e(|aant g rains o f c(utfts show sharp ex tin a tio n  i ^ i l e  the elm igate p a rtio le s  
s h ^  uadulatory « x tin o tl-« . Qtiarts g rains o f i ^ o u s  and astanorphio 
d eriv a tio n  ars p resen t in  th e  rook, but I t  i s  n:>t e a ^  to  a sce rta in  th e ir  
r e la tiv e  p r o p o r t i - ^ .
The aoDunt o f fe lsp a rs  in  th is  f ra o t i in  v a rie s  fro «  5.27% to  13.88^. 
Mieroolins i s  th e  oost v t ir ie t j  present c o n stitu tin g  «s « c h  as 93%
of thd to ta l  fe lsp a rs  and occurs in  a lte re d  rounded to  angular grains as 
seen near the left-hand  edge in  P la te  5« F ig . 2 . <]rt>K>clase grains show 
a high degree o f a l te ra t i jQ  tad o ften  oaimot be d i8tln tj^ ishsd froM the 
s f ttr ix  in to  which they gradually  a srg s . jm  such a lte red  g ra in , seen in  
the left»han l top  corner in  P la te  6 , P ig. 2 , c le a r ly  deaunstra tes th is  f a c t .  
CoHpletely a lte re d  ^ a i n s ,  th e re fo re , may msU have contributed  to  the 
f(»«ati<3n of the  a a tr ii t .  P lag loclass i s  a lso  s l ig h t ly  a lte red  and occurs 
In  sobhedral toigulftr g rn ins.
(60)
Sook fragaan is ara  prvsant in  nM rljr th s  mam aanunt as ttw  f«I^pars» 
t h e i r  parcenlbAgs ▼arying fro a  5 * 2 ^  to  12.603^. 7hM« fraspan ts ar« of vazlad 
nature and m j  be broadljr e laaelT led  in to  two groups. Tha f i r s t  ineludaa 
ooarae grained rook fragaente of granite* gne iss , coarse < |aartsite» and alea-*f 
h o rr^ e n d * -, a e t in a l i ie -  and ep id o te^sch ists . n iese fra^w rtts  a re  generally 
la rg e  and angalar and occur in  « s a ll  quantity  in  th e  f in s  f rn c t im . The 
second group co n sis ts  o f f in e  grained rock f r a ^ n t s  lilos sh a le , s la te ,  
fine  q u a r ts ite , greenstone and q u a r ts -s e r ic i te  s c h is t .
S castiass th s  rock fra/t;aents have d is t in c t  o u tlin e s  and occur as 
un d isto ited  p a r t ic le s .  This fe a ta re  i s  seen in  th e  le ft-h an d  top  comer 
o f  P la te  Ut F ig . 2 , in  Io«er centre o f P la te  4» F ig . 3 and in  the  upper 
centrr.1 p a rt o f P la te  5» F ig . 3< The l a r ^  fragiaafl^ o f a ica~ seh ist in  P la te  5, 
F ig . 4 i s  sp ind le~ ^aped . I t s  th in  end appears dratA  o u t, while th s  truih* 
cated bliuit end i s  s>|tteeMd in  between th e  cfuarts g ra in s . In  the  low«r 
cen tra l p a rt o f the  figure  th e  rock fragasn t appears to  bend round a  q u tf ts  
g ra in . Theee fea tu res  d e s r l y  shov th a t  the  s o f t  rode Aragamts have a 
tendency to  flow in  between the  atnre rM is ta n t  co^>onsrAs of th e  fraaework.
The aboive fea tu re  i s  seen s» re  c le a r ly  in  P la te  6 , F i ^ .  1 and 2.
In  th e  ri|^ it-hand  p a rt o f Pig* t a la rg e  s t f i c i t i c  sh ale  fragasn t placed 
edgewise shows th a t  i t  has flowsd and f i l l e d  the  ir re g u la r  ei^>ty spacee 
between th e  (|oarts g ra in s . Two o ther s a a lle r  frH«saMts towards ths l e f t  
show th s  saas fe a tu re . Another shal^' fragasn t in  th e  c « ) tra l  p a r t  of 
p la te  6 , F ig . 2 has likew ise flowed and curved round th e  angular quarts 
g ra in .
(6 1)
Th« boundiuy ou tliiw  of th«  n>ek f ra g m iis  in  theM  easM is  
• i th a r  d lB tlm t a» in  P lat*  5» F ig . 4 o r h a rd lj d is tin g u ish sb ls  fr tm  tha 
N itrix  • •  in  P la ta  6» F i^^. 1 and 2. In  P la ts  6 ,  F ig . 3 m » h ^  frag a ta t 
in  the  o m tra l  p a rt ahowa no d is t in c t  o u tlin s . I t  i s  iif>ortant to  not* 
th a t  th s  tv x tu rs  and oaa|}osition of th« shals fTagtaent i s  id o n tiea l « ith  
th a t  o f th s  sto trix  and th a t  the  fragM nt aargss in to  th s  a a tr ix .  P la ts  6,
Fig, 4 a lso  shows s s s s n tia ll jr  th s saas fsatuars, but in  th i s  oass ths
natura o f th s  am trix i s  sxaetljr id sn tio a l «4th th a t of th s  shnljr fragasnt 
which oecapiss th s  alcidls and th s  uppsr p a rts  of th s  f ig u ra . Ths boundary 
o f th s  rock fragasnt iihich i s  vsrjr in l i s t in o t  passss a l i t t l s  d is tan es 
bslow ths osntraL p a rt o f th s  f ig tirs . Thsss fsa tu rs s  p ro rs th a t  a g rsa ts r  
p a rt o f  th s  M tr ix  o f th s rock, i ^ o h  i s  s i a i l a r  in  ts x tu rs  and ooa|>ositi<m
to  th s  s o f t  rack Crmtpmnta, has bsan dsriv sd  as s  r e s u l t  o f crushing of
th s  l a t t s r .
)ltseov its mid b io t i t s  a rs  p rsssn t in  a vmry s a a l l  quantity and 
th s i r  aaount v a ris s  from nothing in  ssv sra l spseiMins to  1.37%> Hoseovits 
i s  nors oofORon an! u su a lly  occurs as cona^icuous la th s  with d is t in c t  ou tlin ss  
but occasionally  a c lu s ts r  o f f lak ss  aay bs p rsssn t as in  P la ts  7> F ig . i .
Ths a ica  f lak ss  a rs  in ra r i i^ ly  bsnt and «ch ib it fraysd snds in to  which th s  
p a a ts - lik s  a a t r ix  has p«tnstratsd along the clsavags planss so such so th a t 
o ftsn  the f la te s  a rs  i ^ ^ lc a U y  d isn ip tsd . Ths idbovs c h a ra c ts r is t ic s  
show th a t  th s  f lak ss  a rs  of d s t r i t a l  o rig in  and not a prochtot of rso rgan i- 
s a t is n  o f th s  claysy « a ^ ix .  B io tits  occurs 8<hbtines in  d is t in c t  grains 
m t  nors ooBRaaoly in  in d is t in c t  brownish, no»>plsochroie patchss and 
o o n s titu ts s  a Tsry insignificBjrtb p a rt o f th« rock.
(62)
Mlaor aieoaesorlis e cm itlta t*  bet%iMn 0.09^ and 3* 1 ^  th» 
rode bgr Tolun* and eomilat of a l a z ^  mtnb«r of alrairaXs, th« Inportant 
onas being i;arQ»i» ap ido tas, sir»:>n, taurnalina*  ru tU « , s ta u ro l i ta  tfid 
0|>{i(|ua a in a ra ls . Tha a0c*aaori«s hava d laiiators laas than 0.30 m i. and 
Vary eonaidarablj with raspact to  roundnsaa. lhasa w ill ba dasexibad 
a t len({th undar Mineral** in  ^ ta  following piigM.
The dartc gr«*n Matrix ie  th a  aoet oh& raetariB tie fea tu re  of the  
f in e  Araetion of the  b asa l boulder bed» a« i t  oecure abundantly in  a l l  
the apeeiam a. I t s  annailt v a riea  from 45*58^ to  62.39^ and under eroased 
nioola i t  i s  aeen to  be ■ ie ro ' o r  e rT p to erja taU in e . I t  eonaiata o f 
e lay-aised  quart* g ra in s , eh ltn d te  and s e r ie i te  and f r m  i t s  elose asso­
c ia tio n  with the s o f t ,  f in e  grained roek f r a g » n ts  i t  i s  c lear th a t  i t s  
major p a rt has been derived as a  r e s u l t  o f oruahing o f th e  rode f^agaeiAs.
That the  a a t s r i a l  o f the a s t r ix  i s  rao rT S tallised  o r a t  le a s t  
e o m id em b lj reorganised i s  e le a r ly  ^own by th e  fa e t  th a t  the coaree 
ecMiKMMMits o f tha f^ajwwork ttaTe been B ai^ inally  raplaeed by the a a tr ix .
This i s  well seen in  P la te  7, F ig . 2 wh«re a la rge  q uarts  g ra in  has been 
■ arg inally  replneed by the e h lo r i te  a a tr ix  re su ltin g  in  a fus^qr and in d is tin c t  
boundary liiioh shows several in le t s  o f th s  a a t r ix  in to  tha body of tha grain . 
This fea tu re  i s  also seen in  th e  la rg e  ofoartx g ra in  a t  th s  cen tre  o f P la te  7» 
F ig . 3 whidt ^ o w i a deep in le t  <a th e  a a t r ix  so th a t  the eorroded boundaiy 
o f th e  g ra in  saaas to  aerge with the  a a tr ix .  ilock frag a a rts  have aleo 
been replaoed in  a s i a i l a r  fashion and th is  i s  b es t i l lu s t r a te d  in  P la te  7» 
Fig . 4 , where a frajgssnt, o f a lte re d  b a sa lt  has been r ^ la e e d  fay th e  aatidx
(63)
•long I t s  uppur border.
Th« •bar* d«»orl{]itlon e la a r ly  •haws th a t  th s f in s  fk'aetion of ths 
basal bouldsr bsd i s  laraaturs both tsx tu ra ll jr  and o o ^ jo s itio n a llj .  !>•»> 
to ra lljr  th s  roek oan be dsseribsd  as a "aderobrsecia” bscauss of i t s  l«ok 
of so rtin g  and ths nnijalarltgr of i t s  i^ a in s . GoBpositicmalljr i t  i s  Xiks 
a grajrwaeks as i t  contains abnadant arg iU sesous aw trix  eoid signifieanb 
aBounts of f s ls p s r s  and roek fragaMats.
Uppsr boulder bed
The fin e  frae tio n  o f th s upper boulder bed in  a l l  th s  c o a lf ie ld s  
i s  broiA to  buff in  colour and i s  e a s i l j  d is tin g o iA rb le  f ro a  th a t  o f the 
basal horison. I t  eontainB abundant s i l t y  a a t r ix  in  «hioh a re  so a tte rsd  
p a r t ic le s  o f a l l  s ia s s  and even in  the  hand specinsn i t  shotis Tsry poor 
so r tin g . In  co n trast to  th s  basal horison* the  coarse c la s t ic  fragaaots 
o f th is  f ra e tio n  are b e tte r  rfunded. The te x tu ra l  and co^positicmal 
chnractere o f th is  rock as seen in  the  hand spaciMn« nrs u n if  >ra both 
v e r t i c a l l j  and h o riso n ta lly  throughout i t s  occurrence in  the  Daaodar 
Valley C oalfields.
Ths general nature o f th i s  ftrsction i n  th ia  sec tio n s und«r lov  
■ agn ifica tion  i s  i l lu s t r a te d  ia  P la te  6,  F ig s. 1 -  4* There i s  s  e lose  
s is U a r i t jr  in  g sm ra l appearance between tiwee fig u res  and those showing 
the fin e  fra c tio n  o f th e  basa l hoxlson. But ce rta in  iaportan t features 
o f  th is  f r c c t iO D  such as th e  lo w er ra n tr ix  c o n te n t ,  abundance
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aoek Minor
G oalfitld jo arts PttXspars tratgmrAu mjaa» aocMsorias Matrix
25.6t 14.68 24.07 1.21 3.23 31.19
25.65 13.43 24.51 0.56 3.50 32.31
iforih Karanpors
24.ao 14.30 22.26 1.80 4.80 32.0I»
28.35 11.27 21.79 0.98 3.99 33.62
33.59 12.09 22.87 0 .44 2.53 30.84
33 . 3a 10.19 23.60 1.30 1.18 30.35
Bokaro
32.29 12.72 20.86 0.58 1.9V 31.56
31.34 10.26 22.93 1.21 2.01 32.25
33.32 10.84 20.^5 0 .4 9 1.88 32.82
35.62 10.73 19.98 0.58 1.22 31.87
R«*garh
33.27 12.25 20.58 0 .92 1.52 31.46
32.80 12U^ 5 19.27 0.51 1.49 33.48
36.:^ 10.41 20.00 4.82 b . ^ 28.21
39.16 10.82 20.75 3.09 0 .64 25.54
Jh a ria
39.32 10.57 21.25 1.03 0.45 27.38
37.91 12.67 23.16 2.14 0.78 23.34
(64)
of rock fTAgiWdba andl a  t e t t« r  r ju n iin g  o f th«  gr&iaB are e lo a r ly  notie*- 
iibl*. Tho rock eontains a  la rg s  »B»unt o f Bt«trlx in  liileh  ore soattem d 
p a rtlo lo s  o f d lffo ro n t coaposition axA v n rlju s  s la » s . Th« eonstiia«x ts 
of t h «  trtusm*f>x^ vary a iu m ju s l /  In  alB0« rosultlng, in  V9r f  poor so rting ; 
but in  P la te  8 , F i ^ .  3 And 4 p a rtio lo e  betMom 0.05 » •  a>ndi 0,25 nm, in  
• is*  nre aw e  doalnaiit and the  so rtin g  appeare to  be b e tte r .
The fraaewaark COTstituents o f th is  Araotion as a Whole are b e tte r  
rounded as oo^^ared to  the  besnl boulder bed but the dgree o f rcundnese 
Tories c(H»ideriyt»Iy wiUi th e  nature of the ind iv idaal e^M^oner^. Qoarta 
p o r tie le e  and ooarse fprained tocSil fTagaertte are  ji^nerally  angular to  sab- 
ramdetl but fe lsp a rs  and f in e  gjnnined rook fra^i^ints shotr jjeaeralljr rounded 
to  aubrjunded o u tlin e s .
AS r e g a r d s  t h e  e o ^ p o s i t i o n  i e  a ^ n o e m e d *  t h e  r o d e  i s  a *  h e t e r o ­
g e n e o u s  a n d  O 'jf ly t le x  a s  the> f i n e  f r a o t i ^  o f  t h e  b a s a l  b o u l d e r  b e d  b u t  d i f f e r s  
f r o a  i t  i n  oantaining nore r o c k  f r a ^ p w n t s  and v^uarts a n d  a  a u c h  snHller 
aieiunt o f  t h e  a a t r i x .  T i ^ l e  15 s h o fu s  t h e  w i d a l  o o n p o e i t i o n  o f  t h i s  f r a o t i ^  
d e t e r n i n a d  f r o n  r e p r e s e n t a t i v e  s a m p l e s  f r o a  t h e  v n r i  m s  o o a l f i e l d e  t o  
i l l u s t r a t e  t h i s  p o i n t .
TlM above ta b ls  e le a rly  shows th a t  th is  fm e tl:m  i s  eoctreiaely un ifon i 
with respec t to  i t s  ooepoeition th ro u ^ o u t the  area covered fagr th e  eaaples.
The cfUiTtt, a>nt*nt o f the  rock vfiries f ro a  24*2Qt to  fe lepars froa
f0.l9;St to  i4.6fti> rock fragaeOts f ro a  i9.27^ to  24.51^, aicae f r a a  0JI»4j£ 
to  4*d2J(, a lnor »scessories t r m  0.36^ to  4*21^ and th e  a a tr ix  f ro s  23. 34;t 
to  33.62!i in  th e  d if fe re n t e o a lf ie ld e . The v a ria tio n  in  th e  a»Junt of
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q(aarts and ths o inor seM sao rlss  aKMars to  be rau^H j  systsauitie -  qpurts 
oon&mt of th« rook Inoroasliv; trom  tha ^iorth Xarai^ura oualTlcld in  tho 
MMt to  tha Jh a rla  eottlfiaUl In  th« aasty  lii i l*  tha adnor aeoaasorlaa ahow 
an oppoaita tran d . Tha o ther (^naponanta da  not ahow aiiQr rag u la r Tariatl^m .
g a a r t a  ia  bgr fa r  tha aoat abundant c<Hwtltuant o f th a  fl^riiaavork 
and ahoM a w U ia  r t f i g a  of p a r t l e l a  a i a a .  Moat o f  tha graina nr* c laar 
a n d  ahow aharp ax tinetlon»  b a t a faw a r a  a f t « >  a t r s i o e d  a n d  show duaty 
inelusiona Wil<A may ba ammgad in  rowa or flMqr <>oour in  patchaa. Thia 
ia  aaan in  tha  big ^ a i n  in  la a ta  9 , F l« . 4.
All tha  T a ria tle a  of fo lap a r oeeurring in  tha  f in e  f ra c tio n  of tha 
basal boulder bed alao occur i a  th ia  fk'aotion In ap p ro x iaa te lj th i  aaae 
pr<H>^3rtion. Mieroeline ia  m eh a lte red  and oocura in  rjundad ^ a in a  bat 
p la^ ioelaae  i s  fanera lljr e le a r  and ooeura in  ai^hadral (sraim . Orth!>ola»e 
ia  ra re ly  i^reeent and ia  so wuidh a lte red  th a t  i t  aarji^s ij|>eroeptib ly  in to  
the  f in e  o a tr ix .
Hoek fragnants oeour abundantly and both the coarse and fine-grained 
▼ arietiea ean be d istingu ishsd  in  th is  fm e tio n  a lso . Soaa o f ^ a e  ahow 
in d is tin c t  o u tlin e s  and aergs in to  the a a t r ix ,  but the nuariser o f such ooeur- 
reneea i s  ra th e r s a a l l .  Two such g ra ins are seen in  P la te  B, F ig. t <m 
the  r ig h t and l e f t  hand s id e s  and ona in  P la te  3, Fig. 2 in  the  cen tra l 
p a r t .
Nicaa a rs  p resen t in  a l l  the  saaiplea and ahow th e  aaan general 
charac ters as in  the b asa l horison, but sona patches o f fresh  b io ti te  flakes
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ar« aotewdrtlQr. PX^Ut 9 , F ig . 2 ahouB a e lu s t« r  o f f rsa h , h i^ iljr  plaoehrole 
b lo tt t*  In tUlch t l »  flalCM »rm eurved anl cu^pressad. Soiw flakaa aean 
a t  tha eantre o f iha  o lu a ta r  ara  d la t ln c t  and ahow p a rfa c t elaavaga, but 
■aogr a t tha  pariphary ara in d la t in e t  aad hardly diatlnguiahal>l« from  tha 
^ o r i t i o  m t r i x  in  th a  uppar r l ^ - h a n d  and lowar laft^haad  poftiona of 
tha  f lg u ra . Fnm  th a l r  natura and eloaa aaao e la ti n  Mith th a  e h lo r l t le  
■ e tr lx , i t  appaara vary l ik a ly  th a t  thaaa patehaa of fk*aah b io ti ta  arm tha 
produet of r a e r ja ta lU a a tia n  of the a a tr lx  and ara n:>t d a t r i t a l  in  nature.
Ajaoag th a  Ndnor aceaaaoriaa, garnat* a e tin o lita > tra » > lita , sireon , 
a p id a ta , and opa.^iia adnarals ara  e-janaoii but to u raa lin a  waa not obaanrad in  
argr th in  s a o t ijn . A d a ta ila d  daaarl4>tion o f tha aceaaaoriaa would appmur 
in  th a  following pagaa.
Tha aoat d ia tin c tiv a  ecaqponant o f th la  f r a o t i  n  ia  tha a n tr ix  tihieh 
th o u ^  praaant in  a nuoh aw allar aaxmiib aa oai^arad t o  th a  ba»al horison  , 
ahova tha  auM ganaral eharre ta ra  aa th a t  o f the b«»al bouJdar bad. I t  
haa already baan shown th a t  tha a a tr lx  haa bean derived p a rtly  f r j «  tha  
oruahing of tha  ahala and a la te  fragMnba and th a t  i t  ia  oonaldarably ra~ 
e ty a ta llis e d  aa a r e s u l t  o f Mhieh niat^ einstituanfca o f  the frtnmitork have 
baan o a r g in a lly  rep laced . This ia  e la a r ly  seen in  P la ta  9 , F ig. 3 where 
a large  <]uarts g ra in  hae bean deeply earrodad by tha n a tr ix . The axteflt 
o f  rep laeeaen t ean be T ia u a lia e d  fr^w tha <iriginal g ra in  boundazy l i i i ^  
ia  vary fa in t ly  v is ib le  along the leftr>haiKt edge of the f ig u re . S ia i la r  
replaeeoenfc ia  a ls o  aeen in  thu lower right-hand co m er in  P la ta  3, F ig . 4 
where a ooersa>0 *aittad r^ck fragoant has bean penetrated kgr nn in le t  of
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th*  a s t r ix .  A aiigntfied t1«w o f  th l*  in le t  appears In  P la te  9 , F ig. f 
which c le a r l j  «txhibits tiM nannar in  i^hloh ths aK trix  tv is m  placed th« 
rock Trtigmad,
The aboT* a h c ^  th a t  ttw  f in e  frac tio n  o f th s  t^per bauH«r
bad al»o i s  t s x iu r a l l /  and » 3 i|x > sitlo n sll/ ijaMtture^ but not to  th s  saas 
•xtsntt fts th a t  of the t>aBal h o r l s ^ .  In  view »f the fttoundanoe of rock 
fragiaents in  th is  frae tion*  i t s  e^N^>ositi >n asgr be described as l i t h i e  
f^ajymckm.
Cross-bedded hori»y>ns
The cross-bedded horisons i ^ c h  occur enolja«d in  the  upper bou2d«r 
bed a re  remarkabljr d if fe re n t fr> «  i t  in  colour And texUare but have es3ei>- 
t i a l l j  the  aam  o re ra l l  a>epoeition. Urm eroas-^bedded u n its  uhieh are 
f r  Ml 6 i m ^ s  to  3 -  4 f e e t  in  th ickness are  r&t p e rs is te n t over long 
d lstano^s, but nerge i^ a d o a ll/  in to  the upper b^iulder bed. These un its  
are aostljr grey to  d i r ty  t ^ t e  in  colour and the  fin e  f ra c tio n  has a sandy 
appe&ritnee. Thsj a re  eong Ii»era tle  and have an a rkosic , soaetiflBS a 
l i t h i e  sub-grsywacke-liks a a tr tx .
In  th in  sections they show nieh T arlati-m  in  th e i r  tex tu re  and 
co^x>sltion. Two inport.o it te x tu ra l v a r ie tie s  a rs i l lu s t r a ts d  in  P la te  lO, 
Figs* 1 -  k* F igs. 1 and 2 show a noderataly w ell sorted  r jc k  with i t s  
fraiMwork in ta c t  and with le s s  than  lO^ su itrix . Ilie e jn s ti tu e n ts  of the 
fraa»work show anch Vfiriaticm in  ruundness. juarts  g rains are  ao stly
(68)
nqgitlar ammn in  th« iqip«r ri^ it-hand  «orM r o f Fig* but f« lsp » r g rsins 
a|ip«ajring la  th« e«atr«  M«r th« Ioi««r «d(^ o f th is  figur« are  r^ xanded. A
fngm tn t o f graphio g ran ito  Ju st abov* t i  «r« sub-roundod to  aub-aq0Al«r.
f
Another T ario tj*  »  utn in  P lat*  |0 ,  F igs. 3 and 4» i s  vory poorl/ 
•ortad  and euntaias upto 25^ of a o tr ix  in  F ig . 3 ^ad about in  F ig . 4*
The conatitttw its o f tha frHsawork in  both th a  rodcs era sharpljr angolar to  
roundad dapanding on tha  natura o f tha  frugaaota. goiarts g rains in  bath 
tha  rooks are  aharp^ljr angular i ^ l a  fe ls p a r  g ra im  are angular to  anb-'r-Ainded. 
itoek fragaanta  are  g ew ra lljr  aul^*r.mnded to  ruunded aa ae« i in  th e  uiqier 
leftF-hand side  o f F ig , 3 . A la rg e  g ra in  o f gnm et in  th e  left-hand  eam ir 
o f F ig . 4 i s  rounded bu t g ra im  o f epldote and garnet in  tha  lo«ar right-haad 
earner are aab>roaniled to  angular.
T e x tu ra llj  th e  t«o typee o f rooks Ju st described are  quite  d i f f e r e n t  
th e  f i r e t  i l la e t r a te d  in  P la te  fO, F ig s . t and 2 , oaaas f ro a  th e  alddla p a rt 
of the  oross-bedcted un it»  iM le  th e  seeund ahom in  P la te  lO, F ig s . 3 sod 4» 
rep resen ts a tra n s it io n  between the  boulxlmr bed luid I t s  enclosed eroas>beddsd 
u n i ts .
The asdal ooapoaitian of the teo  t /p e s  o f f in e  f n e t io n s  i s  ahv>«n 
in  Toble l6.
Hie geoaral eharaetere  o f th e  mLrMrals are e saen tia lljr  the saas as 
deeeribed e a r l i e r .  Quarts i s  the »>et doeinant o in e ra l in  the  f i r s t  t /p e
TaBLS l6 t HQDAI. COHP^tX^ (F TffS OaJS^BKD^KD
(PXR 088T)
UoalfU ld
1
S*5fo. Martn P a lap sn Hook
trhismrttM
KLeas Minor
acoasaorlM
Mstria
1 52.22 23.64 11.91 •  •  •  • 3.91 8.32
2 46.64 14.00 24*60 •  •  • • 2.41 12.35
Harth Karanpura
3 45.21 19.03 16.08 •  •  • • 2.29 17.38
4 42.05 16J»2 15.79 1.08 3.57 21.09
5 49.81 23.23 13.75 •  •  • • 1.99 11.22
Dokaro
6 32.97 20.36 23.73 1.18 2.30 14.46
7 41.61 15.63 18.09 0.29 1.52 22.86
8 50.11 10.48 12.39 0.97 3.42 22.63
9 41.61 20.23 23.49 •  •  •  « 2.42 12.25
Jhiiria
10 50.74 22.85 16.92 0.64 3.73 5.12
n 43.79 18.56 17.83 •  •  • • 2.68 17.14
12 30.64 25.72 16.78 1.29 1.86 23.71
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•nd i t s  niKiunt vnrlBs t r m  32.97)( t a  $2.22^. 7h« pmremrA,»gB of falspiirs
«nd rook fm gasnis Ysries tr.m  14*00 to  23.6u and t1.91 t a  28.73 raspvetively. 
aiaitlt« And maeorvlta a n  poorl/ represented in  th is  v a r ie tj  and tb s i r  
KJBoont varleB tram nothing in  aost snoiples to  f . t ^ .  Hinor aecessorU s, 
however, tend to  be em oentm ted in  th is  horis<Jn and tiie ir  asm nt varies 
from 1.99% to  The fine  grained d e tr l ta l  matrix, th o u #  shoidng
the sane o re ra ll oharaeters as in  the fine fmetii^ns of the two bould«r beds, 
i s  verjr meh reduced in  q u an tit/ and f i l l s  ap the voids l e f t  between the 
grains; i t s  peroeritage varies froa  5«12 to  14. 46 .
IM s v»rietjr can be divided in to  two typos. Jam l a  ^ o h  the 
fe lsp a r  content i s  h i |^  and exceeds the rock f l r a ^ n t s  can bs b e s t designated 
a« an **Arkaee'*; th e  o ther shoving an doundance o f radic Tre^malta over the 
fe lsp a rs  rese iiile s  c lo s e i j  s  H th ic  siUT- r^ajTMRCke.
The eeond  v a rie ty  o f the f in e  frac tio n  of th e  erose-bedded horisoas 
shows a C(Hi|}«mtive abundance of the f in e  grained d e t r i t^ l  saatrix, a lth o u ^  
th e  qjoantity o f th is  coaponent v a rie s  conalderab l/. This typo i s  t ru ly  a 
tra n s it io n  between the crose-bedded horisons and th e  encloeing upper boulder 
bed.
i « S A V T  M I M S S A i . ^
iteavy s in e ra ls  are the  vLnor acoessories o f sedlaents th a t  have 
a g re a te r  sp e c if ic  /^ a v ity  than  brcMsofora (2.87) and repreimni ths s tab le  
and leope durable co n stitu en ts  o f  the parent roek. iSults o f heavy a in e rs ls
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h»v« b«ttn eaf>lagr«d fo r  o o r r^ a t la g  aedl>iBiite£7 s t r a ta  and also  fo r
d s ts rs ia ln g  th«Lr prcnrsnanee. n«»lr ln t«rpr«tA tioii i s  oooplleatsd aidng 
to  th e  fa c t th « t tb s  nature o f th« u l t i a a t s  asssab lA ^ dspends an ssv sra l 
fatttorsy la |}ortsd t anoog th sss  being the  eoa|K>sition of th e  parent roek and 
the  s ta b l l i t j r  o f th e  ind iv idual mineral species (Bosv«11, t933* PP« 37-46}*
Ho stu d ies  of the  heavy mineral can ten ts o f th e  T aleh ir boulder 
bed haTe been aade Igr aagr e a r l ie r  worteer# a lthou i^  sandstones of the  Talehir 
a e rie s  were studied with raspeot to  th is  e h n ra o te ris tio  in  p a rts  o f the 
Jh ^ ria  and Sast Bokaro e o a lfid id s  (Jacob and others* l9iB) and in  ttie  Q irid ih  
b a s in  (>iao, 1957)* The p u rp c ^  of the  p resen t study, U ierefare , \a s  to  
provide a basic  d a ta  the  nature o f th e  heavy a in e rs la  oonfesimed in  t)M 
f in s  fraeti<»i o f the boulder bed in  the area under in v es tig a tio n  and to  
d e ts ra in e  i f  these  coald be used fo r  d i s t in ^ is h in ^  the various horiisons 
of the boulder bed, 3iaee no o o r re la ti  wee desired* only the f/8>t/l6 a s . 
grade (very f in e  sand) f ra c tio n s  have bem  exawinBd fo r  th e ir  heavy mineral 
contents thereby ifp torin ; the e ffe c ts  j f  grnnolar v a ria tio n  (iUttenheuse* 
1%3{ Van Anlel, t950). This study has proved gjrms%ly helpAil in  d e te r-  
a in ing  the  inrovenaase of th e  B a t e  r i a l  co n e titu tin g  th e  bouldar bed.
/ jia ly tlc a l procedure
About 25-30 ffm . o f th e  very f in s  •»nd fracti<m  ( f /d - f / l6  « . } ,  
o b ta in sd  e a r l ie r  during asohanical an a ly sis , was taken by s p l i t t in g  the  
e n t i r e  frac tio n  fcgr s  Jones* type of i ^ i t t e r  and nas digested  in  1 H 
»qrdrochlorie acid to  renove th e  coating o f iro n  oocide around the g ra in s .
The saaple was then d ried  and accura te ly  weighed.
(71)
thm hMVjr a lm ra la  o f th s  ol«8iiecl saaplaB war* sapMrst«d aeoardiqg 
to  th«  Miivjci 8ug^«ted bgr XrunlMin and F o ttijohn  ({93d» PP* 34>’44f Fi/;> 153) 
tising broiK>f :«n)i 9 f spoo lfie  g rav ity  2 . ^  as tha aaparatlog  llrju id . Aft«r 
Uw sapRrAtioti m »  e ‘>aplat«, both th« heavy nod U gtii frne tiona  wara tnahad 
« ith  aiooh^l, vci^^wd nni a iarad  aap«r»t«l)r. As ^ha erv>p of th a  haavy 
■Inarala from aaeh aaaq>la Mas la r /ia , i t  was s p l i t  t i l l  about 1000 graiins 
wara ototaiaad using a a i^p la  taohnicfua aog^jiaatad H uttw  (l930, p . 6ii3)«
Tha rasiduas thus s p l i t  dotn wars panvm antlj lasuntad In aaniida bnlaaa 
( I"S^)*
Parearita>:a jT iaavy Minarals
Tha paroantAf^ by waight o f tha  haaviaa in  th a  sa ^ ila s  f r j i i  tha  
Ysrlous horisoos of th a  bouldar had ahowa Bimm in to ra a tin g  tran d s . Tabla 1? 
shows tha  avaraga waight p a re a n ta ^  o f tha haavias besad on 39 analysas.
TASl£ I7t ^SKSiT PSa GSlir (F H3AVI MIM31ALS lit Ttffi
l/a -  l / l6  MM. CJRADS
H 3 a  I  2  ^ n -  i ^ ^ u ^  ^  ^  ^ ^  ^ _________iUraapara » 3. iUrammra * airitatro » aaiMajrii * «?haria » Saniii^
Basal booldar bad 3*30 2.15 3.20 3.30 3.12 2 . ^
Uppar bouldar bad S.50 . . . .  2.75 1.55 1*^5 *.**
Croaa^baddad Horixona tO.OO . . . .  1.3^ ..«« . . . .  . . . . .
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In  th« basa l bouldar bad th« arennja quaKtlty o f  th e  heavy « io«rals 
i s  alacwt ualfc^rat in  a l l  thia « o a lf ia l i s  varyiiu; frcm 2 .t5  to  3*30^ by « a i |^  
o f iha  sa^p la . The U i ^ r  bouldor bad, howavar, ahsna a sharp daellna  in  
the avartuss p a r s a a tn ^  o f th a  hasT iaa  frcMi B»50 la  the  Storth Karanpura to
1.25 in  th a  Jhaida e o a lf la ld . In  th a  orma-baddad horisana th a  daeraaaa 
in  th a  p a ro a n ta^  o f tha  haaTlaa i s  rmxj ahmrp, f ro a  tO.OO in  Morth Karanpara 
to  0.92 in  tha «lharla  e o a lf ia ld .
iiaa^y Mlnaral frag u fw laa
Tha datarNdnation o f th a  hitovy isijiBral fre<tuaneles i s  nacaaaaiv fo r 
noiy a /a ta o a tie  atudy Khars i t  ia  daairad to  dbt&in th a  r a la t iv a  ahuadanea of 
tha TsrioiiB apaeiaa. Varioaa d aaerip tiv a  tara»  and a(]rsb(^ hava baan daYiaad 
fo r  daaerib ing  th a  aboadanea of ■ inarala  (Boswall, 1923; l ^ n a r ,  1929)» 
bwt fo r aoat <)|aaatltatiTa a tud ias ac tu a l oounting of gm ltm  i s  aaoassary 
(F la a t, 19^6). Oiydan ( t ^ l )  aug;^stad th a t  ooontlng o f 300 grains in  aaoh 
s llito  i s  anottgh fo r  an aeearata  study and th a t esunting a la rg e r  muriier of 
g rains doea not increase th s  aeouraoy in  th e  sane proportion. In  the praaeiA 
study 300 g ra ins per s l id e  were oooabed and the scale  devissd b f  Kvaas and 
o thers (l933) was used fo r  tha d e te iv in a tio n  of heavy adneral fre<|tisneie8 
of th e  'Various sa^;>les. The se a ls  i s  shovn in  Table 18. As ia  se m  fra «  
the  tafa ls, th e  se a ls  i s  lo g rith n ie  down to  frsquenay o f 3 out i s  nore or 
le s s  a rb itra ry  fo r  lower va lues. I t  has» th e re fo re , th e  advan ta^  of bringing 
out aore d e a r ly  th e  s a a l l  v a ria tio n s  in  the  lower frerfumteima which are 
■ore ioportan t than the  la rge  v a ria tio n s  in  the hlghar frequency values.
TASLS Ids I;XtaTHHIC Flt£gtl3»CT>ti)>Q8R SCvLS OF RVaN ,^ HjkXIUN
AMD MAJK8D (l933).
rrmcftmae^ P*rc0nt T«ni
6* 90-100 Vvry abandaat
6 75-«9
d- 60-74
7* 45-57
7 35-44 4bttndmnt
7- 2fi-34
2>-27
6 1d>22 F « ir l j  abundant
6- I> I7
5 7-13 V«ry eoMKon
4 4-6 Qi—jn
3 a-3 F&irly eoBaon
2 1-2 Sosrc*
1 Jk-» Sar*
1- 1 grain  only p«r s lid *
0 0 Ab««neb
I9s KSaVT MIMS^ ULii OF THS Ba3aL 331LS91 S P
C oalfi*ld unrnet ^ Id o t* ^ re o n Toumalina
Mloas
it
OhlorlU
liufeiU
Stiwro-
U U
8- 6- 5 4 1 1 1 3
Nofth 7^ 6^ 4 2 2 1 1 4
KATanpuTH
7- 4 3 4 I I 5
6 4 3 0 1 I* 6
aoitth 7 6* 4 3 2 1* 0 4
Karai^mra
7* 4 4 2 1 1 5
7* 7 5 2 3 0 6
Boki.ro 7* 7- 5 2 3 1 I* 5
7 6 4 3 2 ! 1 6
7- 6- 5 3 4 I* 6-
Ba^garh 7 6“ 4 4 3 ! 5
7* 7 5 3 3 1 ! 6-
«- 6 4 2 0 1« 0 3
Jh a ria 7 7- 5 2 1 1» 0 3
7 6 5 2 3 1 I* 2
7* 6 4 2 0 ! 0 4
.IftnigaoJ 7- 6 5 2 2 1 0 3
7 6- 4 4 1 2 I 4
TABLS 20s IIBAVT KMaRALS OP THE UPPSS BOULaHR BSO kXi 
THE OtlSJ-SBSIDBD HTSZZDS
CoAlflald Oornvt ^ IdoU i Zireon
Kleas
To«urahilliw & Butliv 
C hlorii*
3t«uro-
Utm
5 7* 6- 5 5 f 0 5
Morth Karanpura 7- 6 6- 5 3 0 t* 4
7 6- 6 4 3 0 0 6-
7 5 4 4 0 0 4
Bokaro 7 b~ 6 5 0 0 5
7* 5 4 5 5 I* I* 5
3 5 3 1 0 5
Kamgarh 7* 4 5 4 4 1 1 6>
7- 3 6 - 4 4 0 0 5
$ 3 4 3 1 1 5
Jh aria 1* 1 3 4 2 0 t» 4
■ 8- 3 3 3 2 1 0 5
C H 0 3 S •> B S 0 D S 0 H 0 R 1 2 J  M S
7* 6- 4 5 2 1 1 5
tiorth Xaraivura 7^ 6 5 4 3 0 0 5
7- 5 5 5 2 0 6-
5 5 7 0 0 4
3 ^ a ro 6* 6- 5 5 3 t* 0 6-
7- 5* 6- 4 4 0 0 5
4 6^ 4 0 I* 5
Jharia 7* 3 6- 6 2 1 0 5
7* 3 5 6 3 0 0 6-
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Table t9 shows th« d is tr ib u tio n  of bsav/ ■ in sra l frsqusneitts in
th s  basal boalciar bsd. I t  i s  o lsa r  th a t  th i s  h o r i s ^  shows a vsxgr un ifo ra
p a tta rn  of th s  h a a ^  Bdaaral rnqM m vy  d ia tr ib a tio n  throughout th a  Daaodar 
ValUor Goalfiiidiis. Tha f^(|uancgr diatrU bution o f th a  haaviaa in  tha  uppar 
bouldar bad and th a  eroas-baddad hortzoaa i s  ahown in  Tabla 20. In  both 
horisons the a in a ra l apaeiaa anl th a i r  fraqum eias a r a  a ia i l a r  and ahaw 
a ttoiforsi iM ttarn throa^^oat tiM Daaodar Vallagr CkMtlflalds.
Minaraloar
Tha h a a v y  « i a s r a l  c r o p s  in  th s  T a r i o o s  h o r i z o n s  o f  t h a  b o u l d a r  
b a d  a r a  r i e h  a n d  r a r i a d  a n d  oonsist o f  the f o l l o w i n g  a p a e i a a
f . A e tin J li ta - tra « > li ta « Tha two ai^ihlbolaa oecur p a rs ia tan tljr  and in
coaaidorabla c^uantity in  th a  vppmr bouldar bad and th a  eroas-baddad 
horisons bu t a re  an tira ljr  absent from th a  baaal bad. Tha graina are 
li/{ht b lu ish-graan  in  ooloor and occur as sho rt p r ie o a tie  c ry s ta ls  
with p e rfee t elaavaga. Plaochroian i s  feabla but d i s t in c t .  Qraina 
a re  shsrp ly  nngalar, have a chipped appearaiwa and ntany of them ahow 
e t(^ in g  e ffe c ta  apecialljr a t  ^  anda.
2 . Snidotea (P is ta c i ta .  O lino-ao iaita  and l lo ia ita j .  ^ id o te a  occur as 
sharply  frac tu rad  grains which are very o ften  a lte re d . P is ta c ite . 
th e  isoat abundant ▼ariety« i s  greenish yellow and shows a  weak but 
d is t in c t  p laochroiaa and high birafrengence. The otl^ar two T a r ia t ie e  
ahow th e i r  usual charac ters  and occur as angular to  aub-roundad g rains.
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!%)idot«s A T* o f  a o r B  e o a ia o n  o e o u r r « n io e  i n  U t «  bnsul b a d  a s  o^Mperad 
t o  thm t t p p « r  o iM  a n ti t h «  c r o a » - b a d d « d  h o r i s o r u i .  m B j o r i t /  o f  t h e
g r a i m  s h o w  t h a  •’o o n p a s a - ' n M d l e "  I n t a r f a r c i n o e  f i i f u r a .
3* JaiHBt. Thr»« Tari«»ti«s o f gam ats are d ls t in ^ la h a b la  whloh together 
o o n stltu te  th e  aoet a b m i c l A i i t  speelae o f  the heavy mineral f ra c tio n  la  
a l l  th e  ooalfleJde of the  <)a«9dar Vallegr* The oolourlees varlet]^
■oet abnndant ani iji o lo e e l/ followed tgr th e  i l ^ t  pink v a rie ty , but 
the  b row  v a rie ty  ! •  ra th e r  ra re . The .jrnistB are angul<^» aharpljr 
ohipped and ihov o^nehoidal fr&eture in  th e  basa l bed bat are b e tte r  
rounrted in  th e  upper bed and i t s  on>se-bedied horizone. The graias
o ften  shov a p it te d  sorfaee but steh ing  i s  uneonaon.
4. ttteae &nd O ilo r ite . The d is tr ib u t io n  o f the mLcaeeous adneral i s  e r ra t ic  
in  the various sanples. In  the basal bed they are absent to  conaon 
but in  ooeurrenoes o f th e  upper bed and i t s  cross-bedded u n its  there  i s  
an abundance o f these  a in e ra ls . )n th e  whole they are o f to re  c<aMoa 
occurrence in  th e  ti^^per boulder bed and i t s  erose-bedded u n its  as ccMfiared 
to  to s  basa l bad. the  o ica s , nuscovlte i s  predoainant and shove
i t s  usual ch arac te rs . B io tite  occurs in  dark  brown, blotchur* irroisul&r
c le a v a ^  f lak e e . C hlorite  shows blotchgr green colour* ir re g u la r  shape 
fttti very weak birefrengence.
5* Tpaques. Aaong the  ( ^ a c ^ s  both mAtgaoti.tm and ilsM nite have been' 
included and no attefl|>t has been atHde to  d is tin g u ish  between the  two.
The ^ i n s  are ir re g u la r , b lack and opaque and are oo9SK>n to  f a i r ly  
abundant in  a l l  the  horisons o f th e  boulder bed. '"
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6 . fh itil* . fttttile  o eeu n  but pwrsistttntljr* in  tti*  biis«l boulitor
b*d tout i»  ▼•ry o ften  abe«nt from th«  upper bed and th e  eroe»-bedded 
horisoM . Ttie graiiw are generaXIjr ir re g u la r  to  oval and are demp 
brawn in  oolour.
7> ; ita u ro l i te . Chrains o r ttiia  s in e ra l  a re  i r r a ^ l u r  ahowing a n rk ed  
haekljr frac tu re  and m aeraua ine luaiana . Ttojr are jell<ndah  bnnA 
in  eoilour md d la t in o tly  pXeoehroie. This m ineral ie  ra re ly  present 
in  th e  beaal bed &nd does not appear a t  a l l  in  the  upper boulder bed 
and the  eroee-bedded h a r is  « s .
Tow w iline. The brom  and b l u i ^  v a r ie t ie s  o f tounaaline are tmmt 
eomaon and are a trx ig ijr p leoehroie. I t  ie  a  eoamem heavy oonatitaent 
of the basa l bed wh«re i t  oecurs as anjptlar to  aub'rounded graiJis.
I t  i s  ra re  o r absent in  the  t^sper bad and i t a  cross-bedded horisoas. 
Attthigenio orergroiAhs in  o p tic a l eon tino ity  with the d e t r i t a l  grsina 
a re  o ften  observed.
9 . .^ES2S' a in s ra l  i s  eoat'on to  f a i r ly  abundant in  a l l  th s  horia»ns
of th e  boulder bed. These graine show s  g rea t v » ria tio n  l a  th e i r  cntt> 
lin e s  and evory gradation fr^>m well r->raed ezy sta ls  to  w ell-«om  graina 
i s  aeen. More eoanonly the  sirc^ns of the basal horiaons are ooi^pa- 
ra t iv e ly  b e tte r  rounded. Authigenie overf’T^vt^s on d e t r i t a l  circon 
g ra ins oecar occasionally  but a rs  n ^  very covson. Inelasions o f daric 
br^>i« p r is a a t ie  ^ a in s  o f r u t i l e ,  nagnetite  and fin e  black dust are 
>n.
CHAPTSa ▼
fAmaC AHALTSIS
Tbm tmrm *tmbr±c* m s f i r s t  i a t r o t e o s d  to  tiM B n g U s h  • o l s i t t i r i e  
H t « r a t « r «  tgr K.B. 10»optf (t933) <i« a n  a n a l o g u *  t o  t h «  O o r ito n  t « r a  *09fiig»*» 
F a t a r i*  a«3r b o  doflmri • >  t t e  o rio n ta tio o  i a  ^moo o f  thm conatitaoa ts  o f  
wbiob tho  rode la  aado. An obijoot having no a ii« iila r  a s c ia  oam ot poaaibljr 
h a v *  angr o r io n ta tio i  b o c a u a o  a l l  pooltiona v^«Qd te  a l ik i  b u t  a non-apterdUial 
o b j e c t  has an o r i s n t a t i o a .  Ths f a b r i e  i s  * i s o t r o p i s *  «h«n ihm o r i s a t a t l o a  
of ths f a b r i a  s l s a n tB  i s  nnAam a a d  tho rs i s  no d i r s e i l c A  p r s f s r r s d  ovar 
th s  o t h s r s .  Qu t h s  o t h s r  h a n d  i f  a o s r t a i a  d i r s o t i o n  i s  prodoaiaaBt and
i s  p rs fs rrsd  to  a l l  o th s rs , th s  fa b r is  i s  th«» dsserlbsd  as 'a n is o tr^ ie *
1
tjA  th s  o o astitttsn ts  a rs  seid  to  t f h ib i t  a  'p rs fs rrsd *  o r ls a ta tio n .
Thrss t jp s s  of fa b r ls  eaa bs d is tii« u ish sd  i a  rocks dspsadiag oa 
Mhsthor th s  d ir s c t io a a l  p ro p s r tis s  o f i t s  o o n stita sa ts  havs o rig iaa tsd  hgr 
d sfo raa tio a t growth o r  d spositim i. A *dsfonsiticm ' falnpis i s  th s  r s s o l t  
o f oo tsids p rsssa ra  on th s  rock MhsrsliQr i t s  c o a s tito sn ts  acfyiirs a  givsa 
o r is n ta t io a . A 'growth* fa b ric  i s  t t e  ecm ssf^nes o f ei7 s ta l l i s a t io a  ia  
s i t a .  Aa *aipipo9i.tiiaa* fa b r ic  mr 's sd ia sa ta iT ' fsharic i s  dsvsIe^Md bgr th s  
o r iso ta tio n  o f th s  fa b r ic  s ls a s a ts  daring  th s  deposition  o f a ssd ia sa t uadsr 
th« iafluoaos o f th s  depositing  agsao j. Zt records fa i th fa l l jr  the  djraaadss 
o f th s  depasitiag  asd iaa  aixl i t s  o a re fa l study a a j  rsv ea l the d irec tio n  of
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scdlnsrA tran sp o rt and may be o f ijtaBnse vaXuo In  rse a m tn ic tln g  th« 
palaoogaographgr o f pa>t a ^ s .
KSTHQOS AHJ HffjllP <BTaTI )N3
A r0wimf o f  thB geologieal l i to ra tu re  shoiiB th a t  fabricr studlBt 
hsva be«n aade In  th a  p a s t on alJK>st a l l  k la is  o f  aed iasn ts , but Um noaft>er 
of aueh stud ies i s  ra th e r  s a n l l .  This r HLs s s  ^ t  o f  the fa e t th a t  fab ric  
s tu d ies  nre tedloas* t ia e  eonmualng and t i l l  recen tly  th e re  mbs no cMi|d.ete 
agrseaent reg«ixding the  interi;»^tatl<m  o f the fab ric  patterM i. For the  
purpose of the  p resen t in v es tix a tio n , fab rio  stttd iea  on f lu v ia l  grairels an! 
t i l l s  are o f in te re s t  and as such >hi1/ these  t w  have besn discussed in  the  
follow ing p t k ^ .
KlHYial a ravel Fabric
dsckar (i893) seeoa to  have been ^ e  f i r s t  to  stutfy the  o rien ta tio n  
o f  pebbles in  gravel diq»osits. He noted th a t  the ob late  pebbles show an 
upstreaK ia tarication  while th e  p ro la te  p a r t ic le s  tend to  l i e  wLth th e i r  long 
pjcee perpendicular to  th e  d ire c tio n  of c u rre n t. This view was contradicted 
bgr J<^mston (l922) vkvi s ta ted  th a t tha Icmg nxes of coarse p a r t ic le s  l ie  
p a ra l le l  to  the  d ire c tio n  of the  d ^ M sitin g  Agency. T w ei^ fe l (l926) and 
FrAser ( i 935) c h a llR i^ ^  th e  opinion oxpressiMl iagr Johnst>n but they agrssd 
wit^ th e  visw i»«ld bgr iJscksr.
ilB )
Ttwaa 8tudl»8 w«r« nain ly  bnaad on otoervi t io n s  rsAh»r ttuiii aotaAl 
M nsuransntB. Th* f i r s t  fsttsa^yt to  aokA a JU antitatiTe study of th e  fab ric  
i>f ^ itv v ls  wna wid* b j Mfewtoll (1936) nlii> m»AtMr«l th« o rien ta tio n  th«
Ion*; ;ao*« o f p«bt]il«s in  an •sk s r  and nn Ju tw sh  d e lta .  lie CTnelutiad thn t 
the pet-bles in  an eekBr dip  in  the sane d ire e tia n  as the beds y i i l e  in  
d e lta s  in  an opposite dirBetrlon* In  both eases the  long axm w ^e pre- 
f s r s n tia l l j r  orien ted  in  a d i r e c t i  on p a ra l le l  to  the cu rren t. iwtdell ( io c . 
o i t . )  preswfited th« o rien ta tio n  data  >n p ^ la r eoordinate paper and coiwtruoted 
h is tu ^ a n s  fo r  t t e  puipciee of in te rp re ta tio n . The aethixl devised h ia  
fo r  the  eo llse tio r, o f o rien ted  pebblee and t l te ir  re o r isn ta tio n  in  tlie lab . 
i s  s in p le , thcmgh tltie  oonnxtainil. Sash pebble ^ e r  being naHced v ith  a 
v e r t ic a l  and h j r iz > ^ a l  lin e  in  th e  fie ld«  i s  dui; out of the  enelosin>;
■ n trix  and reorieiAed in  th e  lab o ra to z j (mi a ti«o c ir c le  ^^niOHster. The 
asino th  and inolln»ti<m  o f p a r t ie ls  i s  then read and p lo tted  as desired .
C aillsox i l 93B) a lso  aade a d e ta iled  sti£:)7 o f the  fa b r ic  o f f lu v ia l  
g a v e ls  fitid noted th a t the lonjj «xes o f psbbles wsrm p re fe re n tic illj  oriented 
p a ra l le l  to  the cu rren t d i r e c t i  n%.
Krustoein (l93V) studied th e  o r ie n ta t i  xi o f pd»bles in  f a c i a l  outwash 
d ip o s its  and found th a t  th e  'a* axss o f « ^ rea t aajoritgr p e M ^ s  l i e  
p a ra l le l  to  the d ire c tio n  o f sed iaen t tron^pt^rt. For th e  o ^ U ec tiJa  of 
a rien ted  pebbles in  th e  f ie ld  and th e ir  reo rie n tR ti ,n in  the  labo ra to ry , he 
adopted a s l s p l i f ls d  nnd a r ^ c k s r  version  of th e  Afedell nsttiod.
Krunbein ( l% 0 , subse-M entlj iisde extensive o rien ta ti< «  stud ies
<>n th e  flood ip 'avels of two C a lifo n tisn  stre;iw i, daa O cbrlel and Anniyo 3eco.
In both en8«s ha notad a s tr in g  u p s tm u i iaribrioatlon of th«  p«bbl«a and 
a t«nd«ney fo r  th e  long nx«s to  l i e  iMirallBl to  the  valloif t r m d .  HuMrJus 
aaoondary obxLm  a t  an Rnglsi to  tha vallejr t r a n l  are obaervad in  h is  
patrof& brio diagr«
^ t a  (t952) arrlvad  a t a s s a n t la l l j  th a  sniOB ecmolusions as thosa 
bQT Kranbaia. Ha ar>ted th a t  thc  ^ psbblas in  a .‘(awaam^Man o^uvA^MSrata wara 
inelinad  upstraan  and had a norM l d is t r l l j t t t i j a  iJMat tha iMan. Hm, howarar, 
jbaanrad th a t  soma pabblas viara Inclined  >>ba«t 40*^  t<* tha  bedding <«nd Hrguad 
th a t  t h a i r  d«poaltion took, place In scour p i t s .
In  %953, Mdrray ^nd Sehlea (3ehlae« %95^, p . t66) exaninad the 
fab ric  of ecMie recw it gravele o f tne  and Fatumrtt r iv e rs  nnd
c jn firaad  th e  conolusl orts dreun e a r l ie r  Kruiabein (l939f t940,  1942).
S ^ le e  (Ir>c. o l t . )  nade an extensive study of f lu v ia l  ^o^avel fab ric  
with a Ylew to  Make a f^oantltntlve study of petMLe i r tm t a t l  m and i t s  
r e l a t l jn  to  the TeUey tren d . fie nade aeaeareM nts cm d isc - and radr>Rhaped 
pebbles ;ind concluded th a t  ths f l a t  pebt^ee iid>rieate upourrent with th e ir  
sh o rt axes dlli^iag down s tre a a  a t  stem> angles* ^ i l e  "rod-shape pebbles 
show a periphera l seo icizw iln r arran^;e«int o f th e  im xlaa, th e  b ise c tr ix  
o f w h i^  po in ts  in  the  dcnm cu rren t d ire c tio n  and po in t ainiaia are  present 
adjncm t to  the  ends o f the asBlolrcls**. Hs fU rttw r stilted  th a t  there 
was a tendency fo r  th e  maxlaR "to  l i e  <m o r adjacailb to  a plane which dlpe 
u p c u r r e n t  ( d i p  ranges from The aaxlmim dip  aziauth  of th is
tiypoihetionl plane coincldee in  sense with the b is e c tr ix  lasntioned above 
tnoogh in  th e  opposite (upcatratA) d ire c t  Ion**. These conclosijns based
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on th» 8tucil«fl o f  aoder^i ntnnsm  a rs  o f fu r  rmmci^ Lnf  ^ ii^sortanee as they 
p r a o t l e a l i /  s« t a t  r a s t  th« e o n tra w rs j regai'ding th« n ttltu d *  of pebbles 
to  the  vellogr tren d s . llie  teehniqun »d<H>tsd b j >^hlee i s  aimplo ttsd 
(« lek  but i t  i s  appLienble only to  aaeonsolldated or poorly o^nso llia ted  
d e p o sits .
T U I Fabrio
)r ie n ta tio a  stud ies ;m t i l l s  a lso  have a<>t rt^eeivod stoh  a tten tion  
f  ^ r th e  Bane roasone as enunsr a t e d  e R rlie r . R ichter (l932) a t id e  a q u a n t i ­
ta t iv e  study of the o rien ta tio n  o f  pebbles in  aoae Jflrioan t i l l s .  lie 
Hwasured the aziauth  o f  t h e i r  low; axes nnd the d a t a  so o b t a i n e d  M as p lo tted  
as histograoBt th e  aodal c la ss  ims tsieen to  in d ic s te  th e  d i r e c t i  >n o f ios 
aoveflMnt. R iehter Cf936) furtho*  elab?>rated h is  s tu d ies  presenting the 
data  in  p e tro fsb r is  diaffraas.
Holaes ( t938) devised a new f ie ld  techni<iae fo r  the o rien ta tio n  
of pebbles in  t i l l s  and the d a t a  m bs p lo tted  in  Hodified s tu r  d iag ram .
Krunbein ( f ^ 9 )  studied th e  preferred  o r ie n ta t i  m o f pebbles in  
g la e ia l  t i l l  and found th n t the  *a* axss of a g rea t aaJoritjT o f p ^ b le s  
l i e  p a ra l le l  to  th e  d i r e e t i  >n of ie e  mrrrmmtA* He »ade ^  s t e t i s t i e a l  
analysis o f the o rlm t^ ti< n i d a ta  and a>ted th a t  g ln e ia l  orutvash deposits 
Bhow poor o rienbation  of bath  the ’a* nnd ’c ’ axes &b eon^ared to  the 
t i l l s .
Koloee ( l % l j  made a coaprehensive study o f  t i l l  falnrie in  the
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o f York. Hia atud ias show th&^ t luring by th«
lem, tbm lo r^  ftxas o f  pvbblas tend to  be arl«nt«d perpendicular to  the 
flow lyin,<? In  a h o riso n te i p lane , but durin^; depoeiticm  a t  the I c e - t i l l  
e )rttnet the  pebbles ro ta te  about th e i r  in tenasd ia te  .^xee sni tend to  l ie  
Mith th e i r  Ioimi ;oo»a p a ra l le l  to  th e  d i r e e t i ^  o f ioe acnreiMnt rau<;hl7 
in  a ho rison ta l plane. Holaee a lso  noted th a t  th e  long axma have a adn^r 
tenrtenegr to  be oorwm trated perpendioular to  tbs f a c i a l  o:*Teaent. His 
s tud ies  have fu r th e r  deaonetrete  1 ^ a t  the  nature o f oli.^nBBnt of tbs 
pebbles (p a ra l le l  or t r a n e re rs e ) , la  a lso  dependent >a th e  in c lin a tio n  of 
the in ten ssd ia te  nxia o f th<f pel^ale. In  th la  its j he coneluileti th a t 
p a r t ic le s  whose in teroadiB te ^,xes are  inclin sd  iMre th a t  tend to  be 
alifpied petpendiculiir to  thp iee  flow, Mhile th js e  with «ai inelin?^tim  
o f le s s  than  TOP p re fe r  a p a ra l le l  orUmtrtti^m.
K a rls tr  m (1952) derieed an isp rjved  teehtiinue fo r  the  aeRSweeent 
o f 4rlenti<tian of la rge  aediiaentaiy p a r t ie le s .  A fter ae lee tin ^  a strisij^ht 
v e r t ic a l  face  on Uw ‘W to r^  an  o rien ta tio n  tra p la te  ia  held p a ra lle l  to  
i t  rtnd the pebbles nrt properly  aarked with a p en c il. The ORrkod partici.ee 
firm reorien ted  on a tw o -c irc le  gonioaeter. The asinu th  and in e lin a tio n  
of tht! long axes o f p a r t lc le e  i s  then read and recorded.
i^ijB ftnis and ResTel/ (l953) mAm a stiKly o f th e  "alignnnnt o f 
stones" in  t i l l s  along ths n^rth  shore of the Lake S rie , using »iieht«r's 
Cf93?) SBthod. Separate Measaresnnte )« re  aade on p a r t ic le s  with inter>  
Mediate exss dipping 1m s than 70**, and those with i»>re than  75^» &a 
sttgf^ated bgr sloliMe (l9f^1» p. t3l9~l3>'2). The x^eulta o f th e i r  study
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oonflrasd th i  vi»v •xpre«s«d «N rll«r fagr HoI m s  ( t9 4 t) .
Harrison (}957) stud isd  th«  fab rle  in  Io»d«d e la jr- tU ls"
of th e  C^lAaso r«giun. Orlentod cobM of th«  t i l l  '^arv ooUactad in  ih« 
f i« ld  Mid Mare rvorlsn tod  in  the  labo rs to ry  on a I a x ^  tw o-eire l«  ganio- 
a e te r .  MB««ureaiant8 on th i  naxL an p r jje e tio n  p lem s o f d ise -^  bliide~ 
shspod p a r t io ls a  w«r« Hnde and t h e i r  poles p la tted  >n ei|aal area po lar n s t. 
The d a te  was a lso  p lo tted  in  p e tro fab rio  d ia ^ e a s .  These stud ies show 
th a t  "the long ax is pnranster o f rodr>shaped p a r tie le e  tends to  l i e  in  a 
horis>rttal plane in  th e  ^ « n d  aoraine o r to  be p re fe re n tia lly  inbrioated 
s l i g h t l j  (-iO'^25^) i4>strsam to  the fonnsr jslacieir-Boveofcsnt d irse tio n " .
The author ueed the fea tiires of th i  t i l l  fatarle in  esqilaining i t s  o r i i ^  
and concluded th a t  **the bulk o f th e  riroond aornine fdbrio  i s  i i ^ r i t e d ,  
with only a s l i ^ ^  dei^rse o f aD difica tian , from  th a t  fa b r ic  i^ ioh  i s  deve- 
lc^>ed in  the  tran sp o rt» tio n a l onvironnBnt".
3o f a r  as i s  kr»>«n to  the author no o rien ta tio n  study of g ra re ls  
o r t i l l s  havQ been undertaken in  India except th a t  bgr Ganju «oid S rirss tav a  
(l959) whi(^ Mos o f «a exploratory nature and confined to  th e  Jh a ria  coal­
f ie ld  only.
The technique adopted in  th e  pm sen t study fo r  the  o rien ta tio n  
jM asureasnts o f  the fab rie  e leasn ts  d if f e r s  conaiderAbly from  th a t o f other 
workers and i s  e s se n tia lly  a aod ificn tio n  o f Uie aethod used e a r l ie r  fay 
ituiju and 3 rivastava  ( lo c . c i t . ) .  Ihe aore convenltianal aethods of asa- 
surensnt could not be used fo r  ttiis  atndy becauss o f the  pecu lia r nature 
of th e  outcrops o f the  boulder bed. This horison f-trmm f l a t  «i;r-Mnda eni
($3)
mx}v3mirmB aoour aalnljr in  shallow  atrmrm bad» or an g«ntla slopes. 
VsrticHl fte«8  of th s sxpisuros are  sx trsnsljr ra r s  and ttm s the iBstluds 
of i» d e ll, S d ilse  o r K srlstro tt be used f a r  m taav^m iA  purposes.
Moreover, i t  i«ss n^ t p;>s8ible to  carry  tiie pebbles in  l a r  ^ e nosribers tJ  
the  l;ibur«tory beonuse o f very d l f f io u l t  trr,«^port c o a lit io n s . The 
eurmtmrtba, th e ra f^ w , had to  be »M ^leted e n tir e ly  in  the f ie ld .
T o  arveroiJB w  t h e  e f f e c t s  o f  ^ i s p e  a n d  s i a s  o f  p «rt> b le8  o n  o r i e n t a t i a n  
( C e i l l e u x ,  IV45j * i t e ,  1952; BritiewM, 1955; H a r r i s o n ,  i957; O c h l e e ,  
tV57)» cMiljr t h e  r > d ~ s h ^ } e d  p e b b l e s  a s s s u r i n r ;  2 i a o h o s  t o  B i n c h e s  w e r e  
s e l e c t e d  f o r  m s ^ t s u r e n e n t .  T h e  c h o i c e  w a s  a a d e  p r i n a r i l j r  f ^ r  t i i e  r e a s o n  
t h f t t  t h i s  t y p e  w n s  f a i r l y  a b u n d tv n t  a n d  t h e  a a i a s u r e a a n t  o f  t h e i r  l o n ^  a x e s  m ss  
a  q i u i ( ^ e r  p r o c e s s .  F u r t h e r ,  o x i l y  th o > s e  p a r t i c l e s  h a v i n g  i n t e r m s d i a t e  
a x e s  d i p p i n g  l e s s  t h a n  45^  ^ ( H o l e s s ,  1%1; D r s ix a n n i s  a n d  H e » v e 3 jr »  1953)
M e r e  e e a s u r s d  s o  t h a t  d i s t i n c t i o n  c o u l d  b e  n n d e  b e t t i e e n  tK ie  p a r a l l e l  a n d  
tramvmram M X ls i a  i n  t h e  f a b r i c  d i a g r a a s .
T h s  n u i l w r  o f  n s i t S o r e i M n t s  a t  I n d i v i d u a l  o u t c r o p e  o f  t h e  b j u l d e r  
b s d  v r . r i e d  f r o n  «  mUnismm o f  tOO t o  a  a a x i a u m  o f  JOO d e p e n d i n g  u p o n  t h e  
a v a i l a b i l i t y  o f  s u i t a b l e  p a r t i c l e s .  T h e  n i n i a u n  o f  lOO a s a a u r e a m t s  a t  a  
g i v e n  l o c a l i t y  m s s  c  ^ n s i d e r s d  eiK Uiiii^ t o  d e t e r a d n s  s t a t i s t i c a l l y  t h e  d i r e c t i o n  
o f  s e d i a e n t  t r a n s p o r t  a s  s u g ^ s t e d  b y  K a r l s t r o m  (l952, p .  f o o t n o t e ) .  
; i t u d i e s  o f  H t> liM s ( 1 9 4 I f  p .  I 30d ) ,  h o w e v e r ,  i n d i c a t e  t h a t  e v e n  5 ^  t i l l  
p a r t i c l e s  a r e  e » n j ^  t o  y i e l d  s i g n i f i c n n t  s t a t i s t i c a l  r e s u l t s .  A t o t a l  o f  
JOOO p e b b l e s  a s  sh > M n  i n  T a b l s  2 | w e r e  a s a s u r s d  i n  t h s  v a r i o u s  c o a l f i e l d s .
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Hast o f •• *
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«*at aokaro Oodhl r l w r
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100
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Hai^Ktirh
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of Poona
B h a r a  r iv e r  
. ^  4  o f  i ^ v a i y a
:ia»r C h ^ r l
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Banajor a a o tim
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s ta t io n
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00
00
00
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too
200
Saniganj k»rth of Ttotttlia 200
T otal 1 , 3 0 0 1,200 500
Ths pr>e«dure adopted fo r  a r le n t^ tio a  oBasureiwnts o f tha  aelBcbvd 
p& rticlas i s  :m fo llo u a t-
Saoh BBlme%0tl p«bbl« mis OiintlUlljr t«iksn out of th«  lantriXy great 
ear* b«ing tnk«n not to  d ia ta rb  th* a a tr ix  balow th« p«bbl». l a  ao st eaM«
th is  (iperation wns nnvy »• th e  a r t r ix  was n t  w ry  hard, but i t  mm
hnrd, the peb lles vere enrefU lly eh iaelled  aut* Aa « ru le  the  pebblea l e f t  
th e i r  ii^preaslon in  th e  enolaain^ a n tr ix . After raauviiif; the pebble »nd 
■•rklng on I t  th e  po in ts  !>f eaargenee of th e  long Axea with a pleoe a f  chalk* 
th e  pebble wna f i t t e d  b«t<dc in to  i t s  o r i ^ a l  p oe ltion . A peneil m s  then 
heJd p a r s l l s l  to  the l in e  Joining the t«o chalk aarka ;tnd i t s  H iiaath anl 
in c litta titm  were aaasured v lth  a clinonaber eocapasa.
PRiSSiHTATIO* OF T?IE ORIii^JSTI»  UaTA
The axiauth ami in e lin n tiu n  of the long «xes uf t'fis ac'^sarad p a rtic lea  
ware tabulated  t v r  snch outcrop eepara te ly . the  d a ta  mbs ttien presented both 
ns seaicircuL or h istogm as hj«1 aa petrc^abrio  dia<;rftaB fo r  eaagr v iaualian tion  
tnd in te rp re ta tio n  o f ttie  o rien tn tio n  e h n ra o te ris tice .
J e a i e i r c u l a r  h i a t o ^ u a i
The p a r t ic le s  a t  each lo e & litj  were f i r a t  el.%saified in to  s ix t e e n  
20-decree asionth  c la sses  and f r e  fluencies imrm detenainod in  each c la ss .
The frc 'ieene iss  In  the  correspondinj; c lnsaes opposite to  each other oa the
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o ire l0 th m  («ld«d togpfjnor giY* eoiri>inBd fr« < ^ iie le s  aod th» d«ta 
«o obtAlnsd «•« p lo ttsd  as M Hi~eiroul«r h lstograae using 20® eJUssss. 
fo r  the  saks o f s l s p l i c l t j  anl f<nr providing g rea te r syvaetiy^ the nodal 
c la s s  in  each oase wes sa4e to  coincide td th  the cen tre  o f the  h istog raw  
tor rs-n rrnog iag  ttie  ta b le s .
r i g .  10 ( a r l )  shows th e  asiim thal d is tr ib u t io n  o f the 'a* axes of 
peUhIss and cobbles fru «  the d if fe re n t  outcrops o f the basnl boulder bed.
A ll d iagn tas except No. g , show a  palgneodal d is tr iln a tio n  o f the asian thal 
freciuaneies. F u rther, the  fret^uen^ d is tr ilm tio n  on e i th e r  side  of the 
■odal c la s s  does not tap e r  o ff  rsg iu la rlj. Thsss fsa tu re s  c le a rly  show 
th a t  the  flrecfuencqr d is tr ilm tio n  i s  not 'm naal* (H irsch, p . 5 t ) .
The poe ition  o f the  aode, taken as th e  n id -po in t o f the aodal c la ss  
as a f i r s t  afipraxiJMtitm (Knuibein k  P e t t iJ $ ^ »  Y9!}8» p. 273) i*  indicated 
tagr an arrow in  each d iag r Jb. I t  i s  obssrved th a t  th e  M dal a s im th s  r a i ^  
froB ttO** in  dlag^raas f  and i  to  2 |0 '’ in  d ia#;m i d . In  s ix  cases out of 
n ine , ^towsver, Uie oude f a l l s  between 130^ and t70^» a  rangp o f cmljr 40®.
Out o f th eee , th ree  dingm a» (e» g cukI h)« show onies a t  ISO**.
The aodal d a e s  i s  conspicuous in  diagm M  «• «• t»  K and h» 
i^ i l e  i t  i s  not so in  o th e rs . Ths height of the  Modal c la s s  i s  a aeasure 
of the peakedness o f th s  f r e  uenegr d is tr llM tio n .
F ig . 11 (iT 'f) ehowe the  a a im th a l d is tr ilm tio n  of the  lo i^  axes in  
ttM upper boulder bed. *nie Trmcftmtrcy d is tr ib u tio n s  in  th is  horison a lso  
are not ‘*oon«J'' except in  Ho. s .  The aodal asiau ths range f ro a  30^ to  t lO^
a. North Karanpura coalfield
Misst of Rale village
b . Ramgarh c o a l f i e l d  
Bhera r i v e r  s e c t io n
9 0 '
c .  Ramgarh c o a l f i e l d  
Vifest o f  Poonu
3 0 ”
d . Wfeat Bokaro c o a l f i e l d  
T r ib u ta ry  o f  Dudhi r i v e r
//o'
e .  J h a r i a  c o a l f i e l d
E a s t o f  C handrapura s t a t i o n
f .  J h a r i a  c o a l f i e l d
E a s t o f  T e tu lm a r i s t a t i o n
FIG . 11. DISTRIBUTION OF » a ' AXIS A2IMJTHS OF ROD-SHAPED PEBBLES AND COBBLES 
CW THE UPPHi BOULDER BED. FREqJENCY PER CENT PLOTTED IN 20-DEGREE 
CUSSES. ARROW INDICATES POSITION OF MODE.
a. North Karanpura coalfield
Eist of Teleadih
b . E a s t Bokaro c o a l f i e l d  
Near G hapri
70 ‘
FIG. 12. DISTRIBUTION OF ' a '  AXIS AZIMJTHS OF ROD-SHAPED PEBBLES AND COBBLES 
OF THE GROSS-BEDDED HORIZONS. FREOJENCY PER CENT PLOTTED IN 20-DECREE 
CLASSES. ARROW INDICATES POSITION OF }©DE.
(36)
bat in  3 oasM out o f 6 the valu* la  90°. A ritngfi o f 40** (70^ '> t f0^)
I s  cow rad tagr 5 dijigraJM out o f 6 . Onljr th rM  dlAgram («» d ,  and f )
•how eonspleuous poaks and in  titla  raaapet th ia  horis<jn do«a aot d l f f a r  
■A tarialljr fro a  the Ikaaal b t^ ld a r  bed. The eroaa-'bodled horissona ahov 
•aaen tla llsr a lB lln r  e h a rn c ts r ia tie a  o f the aslau th  f  ro r^ e n ^  d is tr ita a tlo n  
and th ia  la  e la a r  fro n  F ig . i2 , diagraBM a and b.
Petro fabrio  diagrawa
P»tr>falnrie d iagraaa take  in to  aecount tlie »»iaBth aa wall aa 
th e  in e l in a t i  >n o f the f«b rie  e leaen ta  and give a u n ified  p io tu re  of the 
fab ric  p a tte rn . Theae are  auperiar in  nangr req ie o ts  to  t!»  hiatograna aa 
■eana o f preaenting the  data* Althougjh etieh d iagraaa do not give the 
average d i r e c t i  >n of o r ie n ta t i jn  in  nunarieal tenia* t h ^  do ind ieate  a 
jaaan d ire o tiu n .
The d a ta  on th e  a z im th  and in o lim tio n  of Um long  axes of pebblaa 
and oobblea mui p la tte d  on Jiohaidt ater«o>nat o f 20 enu d ia a a te r  aounted 
on a tui^ataCLe d e rie e . A t i l t  oorreetion  nm aode ao th a t  th e  s t t i to d e  of 
the pebblea and eobtalea a t  tiie t ia a  o f dopoaition eouM be Thia
MS dam  tor ro ta tin g  th e  polea about the  a tr ik e  o f the  boulder bed o r to  
th a t  o f th e  overlTing s t r a ta  bgr an aajunt equal to  the  d ip  o f t>is bed.
The f in a l  denaitjr d iagraaa Mere prepared tagr eontouring the point 
d iagraaa uaing a atthod f i r s t  adopted tagr 3ohaidt (See F a irb a im , 19$4» 
p . 285)» The contouring waa done with the  h e ^  o f th ree  o e lla lo id  counters
m I F
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with e ire u la r  op«niiiga rBprsasntin^ o t  th«  t o t a l  Ai«a of the m t*  Tfa* 
eauntsrs uera aovad ag rs tM atlo a lij oirsr a em L lM tra  g rid  kept telow  tha 
p lo ttio g  ahaat. Tha nuribar o f polnta w ithin th a  1% e ir e la  l a  tha Im a r 
p a r t  o f th a  d la^rna  or tha  to tn l  laurfMr of p jln ta  w ithin tha  tirj e lro la s  
on tha  « a r x l n  o f tha s t a n d a x t l  o lr e la ,  ware eountad. Tha v a lu e  of tha 
oootour waa than w ritten  At the In teraac tlon  of the g rid  lln aa  d a te m ln li^  
th e  pereantaf^ o f polnta In  u n it  a rea . ^ n  a l l  tha grid  I t^ a r a e e tL ^  
hid been trn im 'sad  In th la  nannar, the  d lagran  was eontoorad. A d e ta iled  
deaerlp tlon  of th la  m thod has been given b f  P a lrb a lm  (lo c » c l t . pp. 205- 
290).
A glanoe of the  fab ric  d lagm aa of the bouldar bed ( F l ^ .  fV'30) 
ahowe th a t  no two are exaotljr a lik e . Th«y d i f f e r  fron  am  another In 
t h e i r  p a ttem a  as w all as in  th e  de^pnae and d lrs e tlo n  o f preferred  <»rlenta- 
t lo n .  Inap lte  o f th la ,  a few "tgrpe" pati.em s are c la a r ly  d lstingu lsliab ls 
and the  Tnrloua fatarle d lagm as oan be broadly o la sa lf le d  aeeoidlnt: to  theee 
tTpes. The following type p a tte m a  ahown gm phlealijr In  F ig . 13^  have been 
d ls tln ^ ila h e d t-
I .  Two polea In  the bedding plane o r in  e llg h tly  dipping and d la w tr i -  
o a lly  oppoalte g lrd lea  with o r without two transverse  aub-naxloa.
I I .  A sing le  pole «dth a s l i ^ t  upourrant d ip  with ana d lasM trleally  
oppueite sttb-8aaxl*w and two tranavarse  sub-naxlna.
I I I .  A s in g le  pole and severa l sid>-i>axlMi in  a g ird le  dipping i^ieurrent. 
Point s in ln a  are preaent a t  th e  two en ls o f tha g ird le  eontalning 
the  po le .
(88)
IV. Two o r m o f pai»a i a  a g lrd la  d ij^ ia g  upoorrvnt v ith  o r id thout 
Another ^ n t l s  dipping down ourron t. Point ■ialMa «r« preeont 
a t  th» tvo onls o f th e  g ird le  eontainiag the  po les.
K i^ .  14-22 show the th ree  d iaeneional o rte n ta tia n  p a tte rn s  d is -  
p la jsd  bgr the se lec ted  fab rlo  eleawnts o f the  bnsal boulder bed. Ot th ess . 
P ig s . I5 t 17« 2l and 22 oorreqaond o loaely  to  th e  t jp s  pA ttera II»  
mts long axss of the  p a r t ie le s  show a preferred  o rien ta tio n  are ialMri- 
oated t4>eurrent ia  F ig s . 1$, 2l and 22« while severa l sub-aaxiaa oecur ia  
a g ird ls  ia  F i^ i.  l6 and l7 . A s a a l l s r  n a tm r  o f p a r t ic le s  are  <nri«ited 
tran sverse  to  the  p referred  d ire e tio n . Ths s treo g th  of th e  trao sverss aaxiaa 
d if fe r s  owMiderabljr i a  d if fe re n t  eases. The fab ric  d ire c tio n s  i a  these 
p a tte rn s  have beea deterBdnsd bgr the  poeition  o f the m x iaa .
rig. 19 belongs to  the type p a tte ra  1 and shovis t i o  n jc iaa  and tuo 
tra n sw rse  sub-aaxiwi i a  the  boddiag p l»ae. There i s  a s l i ^ t  tendency to  
is i ir ic a tia n . F ig . l8  i s  a  » lif ie a tio T s  o f type 1 and shows two aaxiaa iA 
th e  upoorrent d ire e tio n  and two l a  the down curren t d lreo ti;in , but the  
transverse  sub-aaxiaa are absent. The fab ric  directi<>a la  F ig . 19 has been 
detendjoed bgr th e  l i m  Jo in iag  the  two aaxisbi and in  F ig . 18 bgr a l ia s  passiag 
fldbdway between the  asx iaa i a  th s  d ire c tio n  of p referred  o r ie a ta tio n .
F ig . 14 corresponds to  th s  type p a tte rn  IV. The aaxiaa l i e  ia  a 
g ird le  dipping upourrent and sub~ai>ixiBki l i e  i a  another g ird le  dipping down 
c u rre n t, but there  are  no transverse  sub-Baxiaa. The f ^ r l c  d ire e tio n  has 
bem  deteridjM d by th e  b ie e e tr ix  o f the  g ird le  contaiaiag  aaxiaa . F ig . 20 
i s  a » Jd iflB atian  of th i s  type (Uid shows four aaxiflti l/iJag i a  a s e a ic irc le .
'5*
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eoasidarvd lnt«nM diat« b«tue«a typM Z and XX, although i t  r«BMbI«s typ« 
I I  ymrj o la s« lj . Tha loog axes ara p r « f « F » n ( t i a l I j r  oriented aod U a alaoat 
in  a horlaontal plane ahawlng conspieuous transTerse aaxiaa.
:>TaT I^K :aL TRSATMihNr OP Tils azdutbal data
I t  i s  not aliaqrs poasibla to  datansina i^ a tte r  or »Jt praferrad 
o risn ta tiu a  i s  prseani in  a given pofiulaticm of fab ric  eltfaaOts bjr a mtrm 
Tiaoal inspaetion of histograas and fabrio  diasrana. A «ora rigouraua 
■athod i s ,  th ara fo ra , ra<|airad to  e s tab lish  the preaeaoe of anisotrapisn 
or i t s  absence. Further, the Biigalttcaiioa of the  ori>}ntati<m data is  best 
uaderstoi/1 i f  i t  i s  suaaarisad s t / t t i s t i e a l l j .
In  the present studj a s t a t i s t i c a l  an a ljs is  axisuthal data alans
has been undertaken. As the d irec tio n  of sedinsnt tranqp<n^ can be inferred 
from tha d irec tio n  of preferred o rien ta tio n , a  s t a t i s t i c a l  stutty of the di{> 
angles was not w ie .
The Chi-square te s t
Tha dti-ac|ttara te a t  of significanea haa faunl wide applicatian in  
the analyaia of sadiM ntaiy d a ta . Tha te s t  can be used to  deteraine ths 
probability  with i^ ich  a ^ v a n  d is tr ib u tio n  of fra<^enoiss adght a rise  fron 
an Isotropic parent population.
TABU 22s CRlZmATlJH STATLST1G3 OF THB BA3AL BQOLDffi BSD
G oairU ld
1
f
t
• PatarU • Midal
lo Q a llt j  *dirM tioa*asiauth  
t f
* BM oltaiit' 
1* vaotor • 
« MlBmt b *
Morih Karmnpam 1. iiMt o f itala • ta t io a I3«® 170® 131®4«* 32.09
2. Saat o f  Bala a ta t im 112® 130® 129®00» 18.23
sooth Karmnpam 3. Soath o f 136® 170® I75®24* 25.54
i# st Bokaro 4. Oodhi r lT s r 132® no® 97®36* 21.91
Ha«KMrh 5. liiMt o f  Poona 225® 210® I39®ia» 18.63
6 . 9ortb>«fa0t o f m avaiya 143® 150® 203®00* 5.06
Jh a rla 7 . Jaaonia r iv a r 160® 150® 117®12» 19.00
8. Bansjor rlvaor 152® 150® I29®42» ;^.oo
lUniSaiO 9. ■orth o f T a tu lia 129® 110® 66®43* 5.63
(91)
Th« Tiiltts o f ehl-9<-Mar« fo r  each scdaple has bean dataralnad bgr tha
formXai
r
uhara f  la  oliaarvad frat^Minegr nnd F tha  aaqweted fra<ia«iBar i a  «aeh ^  
dagraa e l«aa . Slnea a l l  tha  elnaaaa ara of adunl aisa» P la  asiaa In  a l l  
tha groupa and I t a  valua can ba d«ttar«Lnad by dlTldlog tha to ta l  fraquanegr 
tor th a  raiflAwr o f elaaaaa ««hi^ ara niiw In  tha  praaant enaa. Tha nui>ar 
of dagraea of fraadoa la  givan by aub traeting  1 from tha  nuaftwr o f claiiaaa 
In to  Mhleh tha fraouaneiaa h»va baaa groupad. In  the  praaant oasa* thamf^ijraf 
i t  la  8 . The la v a l  o f algnlfioanBa haa baen choacm a t  0,05» th a t  l a ,  no 
d la tr lb tttio n  haa ba«n eonaidarad a lg n lflo n n tly  d lffa rw it frtm  rHBdownaaa 
unlaaa th a ra  la  iM a  titan ona ehanea In  twanty o f  I t a  balng dua to  eham a.
A glanea a t  any atandaxvi tab la  o f e r i t io a l  chl~8<^^iar« valuaa ahawa 
th a t  fc^ 8 dagraaa of fraadcw and a t  0.0$ la v a l of algnlfloA nea, tha  e r l t l e a l  
▼nlua of ^l~a<:|aara la  l5*5l« XV the calcnilatad valaa of ^ i-a q o a ra  la  
g raa ta r  than l5«5l# w« a o o ^  tha  ho^KJthaala t h ^  the parent fab rle  l a  a»* 
lao tro p le ; L\ tha value la  lo a a r . I t  i s  ra je e ta d . Zt ahould, ^K>Hever* be 
tvAed th a t  the ra je o tlo n  o f the hnx>^haalB d jea »>t prove laotroplaai of tha 
panm t populatl<m iiSatifw , t%9« p. 300).
The ehl-ennare valuea f o r  an^plea f ro a  the baaal boulder bed a t 
d if fe re n t  lo c '^ llt le a  appear in  Table 22, The valuea fo r  aaaplaa tn m  
lo o a l l t ie a  I ,  2 ,  3* 4> 5< 7 and 8 aocoead tha  o r l t lo o l  value a t 0.05 lev e l 
•aklng i t  very l ik e ly  th a t tha parent population a t theae lo cA litie a  ia
(92>
•n iao tro p lc . Th« frw i lo o a l i t iM  6 and 9 ahow v»*y an k ll ch l-
•qfttiur* tbIims aak ii^  I t  unlUcaly th a t th« phr«nt populatitm  in  Uimw 
l o c a l i t l s s  1« a n iia tro p ie . r»li«nee» how«v«r» eanaot b« plaoad on
low ehi-squar« Talues a« thaaa aajr r a f la e t  an inprt^f»«r saapUng taehniq^a 
ra th a r  than  ia o tro p im  of th a  parant f a ta l s  (catayaSf lo o » c i t . p . ^30).
TABLs 23* osiBHrmoM sTATiaTics w TR3 oppsa Bouiass 
BSD AND THS CR)SS>BBD3iS) »JRl2^Xil3
0 p p K a 3 0 U L 0 S H  B S O
1 ' Pabrle * Modal* lieaaltaiii *Phi-a<{iaar«
S oalfia ld * L o o ^ ity 'd ira o tia n * a s ia tth ' T » o t^  *
t * < • a a i« ith  •
North Karsnpura t . « a t  o t  Hale 90® 90P 106^48< 56.82
^ 8 t  Bokaro 2. f r ib u ta iy  o f Qudhl 
rlTW 9rf* no® 1l8®52* 6.63
^a^sarh 3. Along th a  waat 
of PoiMM 49® 30® 1 9 ^ * 14.73
4 . S han r iv e r 76® 70® 121®42» 13.97
Jh aria 5. iSaat o f Qiaadrnpttra 
a t» tio a 85® 90® 87®28* 16.45
6 . Baat o f T atttlaa ri 
s ta tio n 90® 90® 46®12* 30.09
Wi l } S 3 > 3 S 0 0 i £ 0 a o K i x o l i i
•torth Karaf^nra 7 . l a s t  o f MLaadJJ) 105® flO® |20®06* 52.18
Saat Bokaro 8. Httar <%epri 73® 70® 45®20* 9.18
(93)
Tte ^-H K jtur*  TalttM fo r  sa i^ l« a  tvom ihB ai^>«r b o a lic r  bad and 
ih* era«»>bodd«l ho riam s «i d i£ f« r«n t la e a l i t l« a  nppciir l a  Td>la 23. Tta* 
taIim s fo r  lo e n l i i le s  t ,  5 and 6 oxe—d th« e r i t io a l  v>ilu« a t  0.05 1«««1 
•howing thAt th« paxvot po|iulAtion In  th«M  looK litiBa i«  m iiv>troplc aad 
th a t  tlM fn b rie  •Isiaattts « pref«rr«d arl«Rtati<>n. Th« vnluM fo r  
lo e a l i t ia *  3 mit 4 exB«ad c rltle a X  Yr0.tt« a t O.lO le v a l ind loa ting  Uiat 
th a re  a ra  so t aora than  tOii ^lanemm o f  tha jRraqaanolaa being d ra ta  from as 
lao tro p le  papalation . I t  la  poaalbla aa la  ervldant fro a  th a  ralavant hiato> 
grmai and fa b r ie  d lag raaa , th a t  tha  fa b r ic  alew tA a ahuw « poor prefarrad  
o rian ta tlo n  a t  thaaa lo e a l l t la a .  Tha o h i» a (^ ra  vr>lua fo r  tha anapla f r ^  
lo o A litj 2 la  vazy aaiall and prcA»abljr ra f la c ta  poor aasrtllng.
Thm oroaa>badd«l horlaona l a  th a  Sforth Karanpurs e o a lfla ld  ahow a 
atrong tandancgr to  p rafarrad  orlantatl< jn , but tha aaaa ho riz« i i«  th a  Saat 
Bakaro o u a lfla ld  ravaala lade o f anlaotreqilera.
Tha d lra e tlo n  of p rafarrad  o rian ta tlo n
Jnaa th a  anlao trop le  eh a rae ta r of tha fab ric  haa baan aatabH shad,
I t  la  uaafu l to  k»>v tha  d lra e tlo n  o f prafarrad  o r la n ta t l jn .  Thla can ba 
dona a lth a r  by aa th aaa tlo a l aath jda o r h j  an loapaotlon o f hlatograaM and 
fa b r ic  d l a ^ a a .  Tha eholsa o f  th a  «athod largaljr d^aanda th a  nature of 
tha  da ta  in  hani. l a  tha  p reaant Inveatiga tion  both tha  aBthada have baan 
applied and a aot^paratlva study o f th a  two haa bean laada In  order to  decide 
aa to  which nathod la  morn r e l ia b le .
Tha aTarsge d lra e tlo n  o f preferred  orientatlcNi can be detersiaed
(94)
M tthraRiiealljr v ith v r bgr a  aonm t m isljrais o f th e  ax ina tha l d a ta  o r  bgr vM tor 
•lunaiion  w th o d . A« Uw dtAm in  q|ia«stion »re e lre u la r ly  dispersad and «• 
th «  eholoe o f ttm o r ig ia  str:>ngly influ«noo« th a  vbJUm of th« m»an (J isb a ,
I953{ t954{ Ottrrny, 1956; PiaBtui« 1956)» tlM Mthod of « » » n t
a n a ljs is  ««• diseardad l a  faTour o f th« v ec to r sttas^tioa w thod ms sppliad 
to  e ir e a la r  fracftanoy d ia tr lb a tlix ta  (Baleha» 193^; C^urrajff loo , e l t . t  PinoMS, 
lo c . e i t .)«
Tha vaotor v th a d  eonaiata of tr lg o o o iia tr io a ll/  eotaputing tba  H-S 
aal I^V eoi^iomnta of aaeb group o f u n it  vaotors (Currayy lo c . c l t . p . tfO) 
aa fo llow ai-
H-a eo^xMienfe * ^  nSoaO
a-V ocM^ KMMnt ■■ ^  nijiflO
uhara n ia  th a  imwbar o f u n it vaetora in  a group Rad 6 ia  tba  nld-poltfb of 
tha  a s iau th a l group. Tha asian th  o f th a  rvau ltan i w e to r  (§) ia  g iv« t Iqrt
0  •  nro taa  ^  n .3in 6
S n  Coa 9
Tha ra a u lta a t vao to r a s im th  ia  a oaaaare o f  th a  avara^a d irao tio n  of p ra fe rra l
o rien ta tio n  and haa th a  Sfuat a ign ifieanea  aa the naan calculatad  bgr KMnnt
aaaljraia . Tablaa 22 and 23 raeord th a  vao tor ax im tha  of tha  aaaplaa fro a  
tha baaal and tqipar bouldar bada atti Uie eroaa-'baddad h^risona.
I t  haa bam  ahoan a a r l ia r  th a t  h ia t t^ n a a  and contourad fab rie  
d iagraaa can alao ba uaad to  in d iea ta  th a  avaraga d ira e tio a  o f p rafarrsd  orian>
(95)
td tlo n  unci I t  ia  In tc rM tln g  to  «oap«r« th« re su lta  oM;ained by th e  ■Btb«> 
flMitiOffl uni thv graphioal a»tt»3ds.
Th* vhIims o f  th a  « v « ra^  d ir* o tian  o f ariontAticm in  tha baaal 
booldar bad aa datandnad  f ra n  th a  laxial ajsiaaih, fab rio  d lra e tio n  aad tha 
raaultA iit vacto r aslaaith iqipaar in  Tabla 22. Tha d if fa ra n t  valuaa of tha  
avara^a d iraetlcm  aii>w a laok o f  oorraa|»oad«noa a t  angr givoa loeaXitjr*
Thara l a ,  hoimrmrt a eXoaor agraaaant batwaan t)w nudal asiiaitha atii th a  
fa b r ic  d irae tio o a  aa ooaiparad to  the  raa u lta n t vacto r a a ia itita . Tha isaxiaBB 
d lffaranea  batuaan tha fo ra a r  two ia  34*^  a t  lo c n lity  3 ba t on tha Wtola th a  
d iffarancaa  ara  lueh a n n lla r . VariAtion o f tha  aodal d lra e tio n  f ro a  s ta tio n  
to  s ta tio n  A»)unta to  tOO®, irihila i t  i s  1l3^ and 136^12* fo r  tha  fab ric  
d ire c tio n  and tha re su lta n t vecto r aaian th  raa fjee tlv e l/. The ariU uM tic 
aaan of th e  aodal a s im th a  i s  t50^« i ^ i l e  th e  aaan fsb r ie  d ire c tio n  and aaan 
re su lta n t vest Jr asiau th  are 147^27* and f32^12* rea}>eetive^. One* tgiAn  
a e loaar agreawant  bet«aen th e  oean »x la l and th e  laaan f«l>rlc d irac tio o a  
i s  apparent.
In  th e  uppw boulder bad, th e  s ta tio n  to  s ta tio n  v a ria tio n s  are 
o f aiaaller ordar o f RMgnitnde as sh'iun in  Table 23* Tha fab ric  d irec tio n s 
show a n n g e  o f  i^ iile  the  nodal and v e c t ^  aslaa tha  shvar a range of 
80^ and |Q2*^  respective ljr. f tro « l^  ^peatcli^ th e re  i s  a c lo se r agreeaeat 
between th e  audes and the  fab ric  d irec tio n s*  tha  naxiaua d ifference  between 
the two being only 19^ a t  loca litg r 3* The oMan nodal a siau th  i s  80^, and 
the  aean fab ric  d ire c ti< «  i s  81^ 20*, twhile the  aaan vecto r a s laa th  i s  83**lO*.
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Tha saiM gmnmrnl holds good fo r  th« croast-boddwi horisoas
o f th a  upp«r boulder b « i. Tha bmao aodal azinuth  i s  9CP, i«hll« tb« Man 
fsbrLe d iracticm  ^  raa u lts it. vector aslnu th  ara 89^ aad raapaotlvaly .
Tha g ra a ta r  a ta tio n  to  at«tl<m variatlcm  of the raa u lta n t vaetor 
Ksiaatha and th a i r  l«ek of eorraapoadenoa id th  a i th a r  tha  »xiaa o r  tha  fabric  
d iractio iM  can ba aecauntad fo r  kgr the  fa c t  th a t tha axifluthal fraqoanoy 
d la tr ib u tlo a a  ara ncit aoniB l. Tha pQlywodal oharactor o f th a  frac^ianqr 
d ia tr ib u tio a  in ta rfa ra a  a a ta r la l ly  with th a  oa lsu la tlon  o f tha raaultaflb vaetora. 
Undar thaaa circuaatanoaa ehoioa of tha ra so lta n t vaotor axixnth as an 
Indax o f th e  d lrae tltx i o f p rafarrad  o rien tn tlo n  i s  ttndaalrabla.
In  tha  praaant oaaa a ith a r  tha  «oda or tha fa b r ic  d irae tio n  can 
ba takan to  reproaant tha  avaraga d ire c tio n  o f orianfcati m. iloMavarf anda 
has th a  aoat aignific<-<nt aaaning in  a uniandal fraf|uat»gr d is tr ib u tio n  (Krualiain 
and P a ttijo h n , f93d» P* 245)* Fiarthar, the  Kxla ia  a lso  influenced fa|^  ^  
c laas in te rv a ls  uaad in  tha analyais and tha aaae da ta  a i ^ t  y ia ld  d if fe re n t 
poaiticMia of the aoda dapanding on tha  choice of the  c laas l l s d ta .  For 
thaaa reasons anda luts not been tnken aa a t r a e  indax of tha preferred 
o rie n ta tio n  d ire c tio n  in  tha  praaant s tu d / .
Tha d ire c tio n  o f prefanrsd o rien ta tio n  as deterained from tha  fai»dc 
d iagm as i s  independent o f th e  nature of the fr«c|uanQar d is tr ib u t io n  and tha 
choice o f the  c la ss  l ia i t s *  I t  takes in to  canaH erati>n  the p a tte rn  of the 
fa b ric  iihidi t r u l j  r e f le c ts  tha chnrM ter o f the transporting  agenegr. I t  
i a ,  th e re fo re , a  b e t te r  a t i  a  aore r e l ia b le  neaaura o f the  c e n tra l tendency
(97)
o f  th«  frefMoiwar d istrlfau iion  and ha> bMn uaad in  the pr«s«ni stu^jr as ab 
I ndex of th* d ir» e tl< »  o f sadinsRt trnnB pori.
o iia i JHAL P kT im n  o f th b  PA Siia
Th« abov» s tiid j ol«arJijr th a t  the fab rie  patt«m « of tha  basal
aad tiw  uppur bou lder bads d i f f e r  rsoark iib l/ from om  another. The basal 
boulder bed in  a l l  the  eo a lfia ld s  o f the Haaodnr Valltqr ragion show close 
reseatilAJiee to  types Z and I I  o f th e  fate*ie p n tte m s . Jlf th> nine fa b rie
d iag raas , seven belo i^  to  these  two groups, v h ile  onXjr tvo reseirible the 
p a tte rn  I ? .  The fa b r ie  o f the  \q>per bouU er bed, on the  o ther ban l, shows 
remarkable s iis i la r i tjr  to  tjrpee H I  aid IV, onljr one d iagra*  out o f s ix  
reeeobling t /p e  I I .  The orose-bedded horisons show variab le  fab rie  p a tte rn s .
In  a l l  the  lo e a l i t ie s  stMdisd th s long s » s  o f the rod-sh«gped pebbles 
^ow  a p rafsrred  d irse tio n  o f o rie n ta tio n . This d ire e tiu n  i s  d if fe re n t in  
the  two horisons o f the  boulder bed; the  basa l horiaon shows an aR>ratxisateljr 
N#>3E d ire e tio n  of p referred  orientati<m , while the  ui^per one shows aa 
approxiatoteljr Br>W d ire s tio n .
Although th e  degree of preferred  orientA tion cnnnot be deteralned 
in  nuMerical values due to  th e  etrongljr sub-n jm nl ch arac te r o f the a sisn th a l 
ftreouencgr d ie tr ib u tio n s , i t  can be ro u ^ d /  estiM sted from th e  peakednees of 
th e  wid.ll c la ss  of th s  h is t t^ ra a s  afld a lso  from the chi-square values. P igs. tO, 
11 and f 2 show th a t  d iffe ren ces in  peakedness betwem the basal and the upper
(98)
bould«r bsds arm not elAarljr d«fin«d. Chi-a'iuar* values f a r  a«apl«s from 
thm d i f f v rm t  lo e a l i t ia a  o f th«  bould«r bads iad io a ts  th « t  p rsfs rrad  arlMh> 
ta t io n  I s  w all astsblislM d in  the  bnsa l horl«>n bat appears to  be poor or 
even d o u b if^  in  aai^  lo e a l i t i s a  o f the  tqjper tw riaon. I t  »gr be conoluded, 
th e re f  ore, th a t  s i ^ i f l e a n t  d iffe ren ces in  the  degree o f p referred  o rien ta tion  
of th e  long axes of rod-shaped pebbles do not etxlst aisong th e  d if fe re n t 
haristnai of th e  bottlder bad» b a t ,  b ro a d ljr  s |j« a k ln g , the  basal horison shows 
la s s  s e a t te r  of the az iau tha l d a ta  as coaparad to  th e  u | ^ r  bed ani the 
eross-bedded horisona.
CHAPTSit 71
I t  THS TALCHIR BULDffi SBO
TH» d if f« ra n t  vi«wi h«ld x«gaidlng the o rig in  o f th« T alohlr 
booXctor ted hav» bMn •uaaarisad . Broadljr spsaklng, fovr hjrpo-
th«BM hsv* tean  advanowl to  «qpl«iii th«  o rig in  o f th i«  d oposlt. TImim 
a ra i-
1. 1%at ih» bouldnr ted  i s  a aiarin* grsvo l a w a r  shor* 
tAllaB dopovit (Fiogtes, idbTf B all, l867}.
2. Thai th« ■ n to ria l e o m tittttio g  th« teu ld o r ted  was f i r s t  
rcHtttlsd Iqr Moiuitain s trsa o s  and th sn  trAii^iortMl to  th s  
e i t s  o f d sp o s it i jo  kgr groond ie s  or f lo a tia g  ic s  (3L8nf<wd 
afki o th s rs , tS96| Fsddsn, f975{ SLanford, 1887} Holland, 
1933; m u ,  1939).
3* 'n iat tb s  booldsr bsd rep rsssa ts  a tn w  t U I i t s  (OOLdhaa, 
l893i F srao r, I9f4l Siapson and Ball* t922; Jow stt,
19251 Jaeob, t9$2{ Krishnan, 1958).
4> Thai th s  bso ldsr bsd rsp rsssn ts  a re«»rtsd  aor&ine sM isrial 
and i t e  *»iros I s s  Ags o f  kss s a r l i s r  than t t e
T alohir d sp o s iis  as ws f i a l  t t e a  (Fox, 1930).
(99)
(lOO)
Th« hgrpothMls th « t th* b^juldcr bed ! •  it «Murf<lne grsv«l or m m ar  
ahars t a l lu s  i»  unt«nabl«. Th« prmmtnem of a tr la ta d  «nd
pabblcs, th e  oecurrenoe of oeeAsloniil frMgmnts of cfoartslie and Ja»p«r 
congloMsrat* o f VlodhoTAn aod SijaM ir « ffinH jr and th« abuniatica o f a grey- 
wiek«i-lik« a n tr lx  e laarljr show th a t  sueh a daposit could oat hava foraad 
m  a nornal aarina anvljronBBiib. I t  la  In ta ra s tin g  to  n ita  tlv^t 3 a llf  a 
ationg supportar of th la  vlaw» ohiAfsad hla opinion (B a ll, ld?3» p . 26 footr- 
nuta) t ^ n  he notad tlie oocurrence o f pa l^ laa  o f Vindhsran »go In  tha  bouldar 
bad o f Slaraapur ooa lfla ld  end eonoludad th a t  thaaa pabblea oould ba praaant 
only  **tlirough tha  a^ itn^  o f io a" .
Tha rimv th a t  tha  ooaraa a a ta r la l  eo n etltu tln g  tha bouldar bod waa 
f l r a t  roundad bgr f« a t flowlog ■ountaln to rn rn ta  and then transported  to  tha 
c i t e  o f deposition  Igr th a  aganey o f ground ioa o r f lo a tin g  lea  naeda o r i t ie a l  
axatdjaation. Tha atrom saat avidenea th a t  haa bean e itad  in  faTour of th ia  
yiaw ia  tha oecurrm ee o f wall rouniad pal)blaa and boulders in  Aaaoeiation 
with eliqr and a i l t .  Aocording to  SLanford and o thers ( t ^ 7 )  *%hoir ouch 
roundad oondition aeaaa qfuita <^poaad to  tiia idea o f tm nspo rt fcgr tru e  
glaoiars**.
The presenoa of rjunded fragaants^ hoi«aver, i s  no in d ica tio n  th a t 
the  tru e  ^ c i a l  eonditiooa were abseiA. I t  i s  obvious th a t  the  buUc of 
the  d eb ris  transported  bjy a g la c ie r  never cow s in  con tact with e i th e r  the 
bad r ^ s  o r th e  side msU s and {Wording to  Von ^ogeln (l930, p . i5 )t 
the pebblea and c ibb les re ta in  th e i r  "o rig in a l fo ra  qu ite  unaffected i:gr 
tha  ice  tran ap o rta tio n  over a long trip**. Ifc fu r th e r  s ta te d  th a t  ’Hinder
(101)
th«s« eireiuwtsnc«9» a ocm -faeetted, roundad, e l l^ t i e a X ,  egrlindrleiiX, In
g sm ra l ovoid, psbbla I s  p rodue«d ....................... T htf «r« mom abuixiant
A C t u a l l j r  t h a n  t h a  f b t i - ' i r a n  t y p e s ' * .  I t  i s  t h u s  e l s & r  t h a t  s v s n  i n  t r u e  
g l a o i s l  d ^ K M i t s  t h s r s  t d l l  b e  s n  a b u n d a t io e  o f  r o u n d e d  a n d  w ^ r o u n d e d  
p e b b l e s ,  e o b b l s s  a n d  b o u l d e r s *  T h i s  o o a e l u s i o n  i s  a l s o  s u p p o r t e d  tgr t h e  
s t u d t l s s  o f  « ib n tw o r th  (l936 a ,  p .  96) v h o  h e s  s t a t e d  t h a t  i n  a  t r u e  g l a c i a l  
d e p o e i t  " t h e  n a j o r i t j r  o f  t h e  c o b b l e s  h a v e  r o u n d e d  a n d  s i s > a t h  e d g e s ’* .
Another evidence in  taraar o f the hgrpothesis o rig ina lljr put fo r­
ward kgr Hlanfard and o thers was g iv w  bgr Fedden (t875* p> f7)> ^  pointed
out th a t the boulder bed did  iK>t neeessariU y  occur a t  the botton o f the 
T alch ir succession and th a t i t  was o f tm  **intsrenl^ted with very regular 
and sharply bedded d ep o sits”. This evidence again i s  not sa tis fac to ry  
becHUse in  areas whers n u ltip le  t i l l s  oeeur, toe Individual sheets say be 
9^»arated Igr v^iiylng thloknesses of sand, clay anl s i l t .  The stud ies of 
ohepps (l953) and ^reiBanls and Heavely (l9$3) show th a t such cases ars 
not unooranon.
T h e  "ground lo e * *  hypothesis was c r i t ic is e d  Ispr OOdhsB (|883), 
F e r a o r  (l9 l4)»  Sl^jeon and Ball (l^22) and Jowett (l925) on the ground 
th a t  the boulder bed often  coirt;ains oaoothed and s tr in ts d  pebbles a n i  th a t 
such fea tu res  could be produced only the a^n cy  of tru e  g lac ie rs .
This c r i t i e i s a ,  however, does not appear to  be valid  because extensive 
studiee of Voa Sngeln (lo c . c i t . )  and ^ntwoirth (l936 b) have c le a rly  
dewm strated th a t  even r iv e r - ic e  transported  f r a ^ n l s  (iM -Jaai cobbles 
of Wentworth) bear faces and s t r la t io a s .  The following d ifferences n^ted 
\jsr iwntworth (t936 b) are veiy u se fu l In d istingu ish ing  g la c ia l  detorls
<102}
f ru a  th « t derlvvd bgr the aganqy of grjuad lo e t-
t .  CriKt«« hrotfit sho rt b ru ises  am  uncoaaon in  g l« e la l oobtil«s
but a rs  « chftrt-cfcarlsilc f«atur«  in  Ice-Ja*  cobbles
2 . Cunrsd s t r l a s  aargiiv; with b ru isss  saJ googss a rs  ra rs  In  
S ls e la l  oobblss but a rs  tiu lts coaajn In  Ic s -Ja a  eobblss.
3.  StriaticNOS in  g la s ia l  eobblss mjr occur both on i^ans f?««ts 
and In  aouldsd ooofii^ rK tian  <hi eurvsd o r doubly curvsd sur> 
fsoma, t r i l l s  in  r iv s r* ic s  traiw portsd o<^blss tho^ occur 
only in  osuldsd eonfit^uration on curvsd o r doubly eurvsd 
su rfa e ss .
4* G rid, r^ndcMi and s o a t ts r  p a ttsm s  of stri^ is a rs  I s s s  eoamjn
and I s s s  d is t in c t  in  g la c ia l eobblss as coa|>srsd to  th s  ie s -  
Jan eobblss.
5« P a ra l ls l is n  between th s  s t r ia t io n  p a tts m  and th s  l(M)g axis
i s  th s  prspt>ndsrant and aodal type in  g la o ia l eobbles, while 
in  ie*>jan coMalss th is  fs a iu rs  i s  not egpscia lly  ev idsn t.
Ths p rsssn t study shows th a t  th s  surface tex tu res  of th s  pebblss 
and eobblss of th s  boulder bed are resKurkably s in ilf tr  to  thoss found in  
g la c ia l  d eposits  end bear no rsssichlancs to  **ios-JaM” eobblss.
I t  nay b« conoludsd on th s  birsis o f the above evidence th a t  in  a l l  
p ro b a b ility , th s  T aleh ir boulder bod in  th e  Oanodar Vallsy S oalfie lds wes
(|Q3)
not produewl tsgr th i  ns«ne/ o f grouni ieo . The »bow angaatnta n lso  pronra 
thfit tb» bouId«r hmi la  o f u l t la a te  g la c ia l o rig in . I t  r*pr«8«nts « ith a r  
an oj*iginAl nom in* l « f t  bahinl bgr thia anelw it glReimra ( JUhma, 1 ^ 3 ;
Ferw tr, I9 t4 | 3iN|ison nxA BtU> 1922; Jow ett, l925| Jacob, I9$2i Krislsian, 
1959) o r  a roirjrkad g la c ia l  dabria *tumed over flood e e tian ” (Fax,
1930). 1% th« fo rw r  view i s  o a rre e t, tho  bouldar bed ta u t  shcnr the
oharaeteria ticB  o f a t i l l i t e ,  bat i f  th a  l a t t e r  Tiaw i s  aeeepted, th e  boulder 
bed sbJuld ex h ib it the  essen tiA l fea tu ree  o f a f lu v ia l  g rave l.
asfore proceeding. f ttr th e r , i t  i s  ia |)o rtan t to  r e c a l l  th a t  two 
d is t in c t  horiaons o f the boulder bed, each s ^ a ra te d  fro a  th e  o ther bgr $0>
200 f e e t  o f ri^ales azvi saixlstJttes, occur in  n laost a l l  the  c«dfie3d8  of 
th e  ’JaMOdar Vallsgr. i>etitiled petrograiA ic and fa b ric  s tud ies bgr the  p r^ e n t  
aMUtor show th a t  in sp ite  o f th e  su p e rf ic ia l  reaeelilance between the two 
horisons, the  f(flow ing iflf>ortant d iffe ren ces  are c le a rly  narked
1. Jn an averaj^ the pebbles and coMsles of the  upper boulder 
bed «nl the cross-bedded horis^jns are  b e t te r  rxmded as 
c^M^red to  those of th e  basa l horizon.
2. About 5-’lQi o f th e  coarse d eb ris  of the  basal boulder bed 
a re  face tted  and shtnr '•fla t-irtm *  shapes, while only 1 - ^  
are o f th i s  type in  the upper horison. F u rther, inportartt 
d iffe ren ces bstwsen the two horizons of the boulder bed 
ocisur with respect to  the  shape d i6 .rac te ri8 ties  o f tb s  larjjs 
p n r tic le s  in  te m s  o f ^ngg  percentages.
(|0<»)
3. Th> two horisons can b« e l«arljr diatiqgulshad on th« b a s lt
o f th e  M chanieal C3npdsiti<m of t h s i r  am trlx . Tha f im  
Ars0tii>n of th« b asa l bad i s  f in e r  grainsd as eomiarsd to  
th« uppmr bad* Ths two horisons a lso  d i f f a r  from on» an* 
o ther in  t h a i r  sand, s H t  and olay contents.
4* Tha fin a  f ra c tio n  o f th a  bnsal b ju ld a r bad i s  charaetarisad  
bgr the pr«sane« of a nueh lai^jar quantity  o f th a  matrix and 
lower proportion o f f ^ p a r s  anl r^ek-fragiasnts as cooparad 
to  tha  uppar horison.
5> Tha haaigr adnaral s u i ts  o f tha two horivons show Sj^)ortnnt
d iffa ran eaa , both in  th a i r  quantity  and < ^ l i t y .
6 . Tha fal«*ie o f tha  tuksal b:aaldar bad i s  eoiif>ari^>la to  typas
1 and 11» whila th a t  o f  th a  uppar bad shows rsseaidaneo to  
typas HZ and I?  o f F l|(. 14> Tha fatario diraoticm  in  the 
two bads i s  d iffa re rtl nnd so a lso  i s  the dagrae o f prafarrad  
o rie n ta tio n .
tlie diffai^MWae aantionad aborva ind iea te  th a t  th s  two bads have 
a d if fe re n t  h is to iy  and th a t  t h ^  were not produced u n le r the  saw  se t of 
geologieal oon d itijo a . I t  i s  fo r  t h i s  reason th a t  ths p r i e s t  of th e ir  
origLn cnn be bast understood i f  the  two beds are exaidned separa te ly .
(105)
Tas BASAL aOLDSl BSD
I t  hn9 t l r t A y  b«en 8tftt«d th a t  d a b rls  com prising th« bdsal 
b oulder b«d i s  ymry p o o rly  so rtsd  uni th a t  i t  c o n s is ts  o f  an assortoMMit 
o f  atiarply sngulnr t o  nundsd p sb b le s, cu b b lss  and b ou ld srs Wtiich l i s  in  
an abundant gm 7 i«soks>lik« n a t r lx .  This horixon shoi« no s t r a t i f i e s t i o n  
and th e  fin e ljr  la o in a tsd  Tarved sh a le s  o v e r l/ in g  i t  Cdntein ra fte d  
p eb b les.
Ths quart s i t e  pebbles enolosod in  U iis  h o r is m  are mib-rounded 
t o  rtxtnded, the T a r ia tio n  in  roundness v a lu es  being from 0.472 to  0.566.
These va lu es a re  ooi^tarabls to  th e  mymrtigB Talue o f  0 .54  given  fagr Kruni>ein 
and ^ o s s  (l95fff p . 83) f o r  g l a e l a l  t i l l  pelri>les. More raaark ab le , ttowrver, 
i s  th s  ocourrenee o f  about " f la t - ir o n *  pebbles am cobbles in
t h is  h o ris 'x i. T h e ir  prssen oe, even in  a s a n l l  nunlier» "nojr be regarded as 
o f  d ia g n o s tic  s ig n ifle a n o e  in  d etem d n in g th e  g la o i s l  o r  th e  n o o -g la o ia l 
o r ig in  o f  co n gloaeratea and t l l l i t e s  about which th ere  i s  doubt*' (Vm  liiii^lnj 
lo o , c i t .  p . 1 5 ) . In  th e  words o f  Golenan (l9 2 6 , p . iXXVI), '•they are 
torp ical nanafaetursd a r t i c le s  shi4>ed and Karked in  unndstaKable w a y s  a s  th s
h a n d i v o r k  o f  cra ftsn a n  ic e  ................. th e  r e m it s  are  unadstakable, s in c e
no o th er p rocess o f  nature g iv e s  s i s d l ^  shapes o r  siad lH r surfBoaa*.
The e u b -p n ra lle l s tr ia t ic m  p a tte rn  on the sK xith  su rfa c e s  o f thB 
pebbles and cobbles o f  t h is  horisson I s  c h a r a c te r is t ic .  The p a r a l le l i s »  o f  
t h is  p a tte rn  id th  th e  Icc^  axes o f  p a r t i d s s  i s  a lso  an important fe a tu re  
and i s  found to  occur in  »lBoet a l l  th e  s t r ia t e d  sto n e s. 4mttMWth (19J6 s )
(106)
found th iii  In g l a c i a l  d vp o sita  Um lis ie x  o f  oecurrenM S o f  th« su b -p a ra ll« l 
p a tte rn  was 791 pmr tOOO and th a t  o f  th« p a tte rn  p a r a l le l  to  th e
long a x is  MR* 753 per 100 oobfaXes. Fie conduced th a t th ese  tMO fs a tu re s  
■ajr be regr-rded as t j r p io a l l j  g l a c i a l  in  o r ljs in . Tte sans iMthor (^ m tnorth , 
1922 o ) has a ls o  i^oi«a th a t  s t r ia e  on g l a e i a l  pebbles are s i^ ie r f ie ia l  
■arkings and th a t th sy  are e a s i ly  removed i f  th e  d e b ris  i s  transported  even 
f o r  a s a a l l  d is ta n c e . In  Tiew o f  t h i s  ev id en ce, th e  presence o f  s tr ia t io n s  
on th e  pebbles e tc*  o f  th e  b a sa l b o a ld e r bed asaunes in portaoce as i t  proves 
U iat th s  g la e i a l  d e b r is  was not rea^ved f a r  f r M  th e  p la ce  o f  i t s  o r ig in a l 
d e p o s itio n .
The f a t e lc  o f  t h is  h orison  a ls o  supports t h i s  c^m olusioa. About 
7 t f  o f  a l l  th e  fa b r ic  d iagm n s belong t o  type p attern s I  and I I ,  uhich ars 
coeparable  to  those g iv e n  fcgr Holjses (l92»l) and FUunriscm (l9S7) to r  luxiistarbed 
g la e i a l  t i l l s .  Two d iagraaa  o at o f  n ine belong to  type XV and t h e ir  p attern  
i s  s i n i l a r  to  th a t g iv en  by Schlee (l9 5 7 ) f o r  f l u v i a l  g r a v e ls .  I t  i s  c le a r  
fr o a  the above ststenw nt th a t  th s  f i ib r ic  o f  th s  b a sa l boulder bed shows 
e s s e n t ia l ly  th e  ch ara cte rs  o f  an undisturbed t i l l ,  but o cca sio n a U y i t  nigr 
re ssid ile  th a t  o f  f l u v i a l  g ra v o ls .
I d e n tic a l r e s u lt s  are obtained i ^ n  th s  f in e  fr a c t io n  o f  the boulder 
bed i s  exajsined. T his fr a c t io n  i s  v e iy  p oorly  sorted  as th e  m ate ria l i s  
spread o ver l3 Mintnorth gra d e s. The s ia s  frequency d is tr ib u t io n  i s  p d y -  
aod al in  a l l  oases anl the aod al c la s s  i s  inconspicuous, co n ta in in g  K it lu re  
than fay M s i^ t  o f  th e  whole a n t e r ia l .  F u rth er, th s  sand and c la y
C 3ntsn ts  o f  t h is  horis^n voxy fr o a  43.06^ t a  6 0 ,9 ^  and 3 .9 ^  t o  12.13^
(107)
r M p s e t l 'w ly .  Jh»pp» (l953) cl«t«rainad t h a t  th s  v a r ia t la n  in  sand and 
oXej oont«nts f o r  th e  T aM w ell t i l l s  o f  Ohio l a  42.0^ t o  bO-Oi and t1 .(^  
to  24.09( r a a p e o t iv e lj .  Although th« f ig u re s  f o r  v a rlA tio n  In sand contanft 
ooapar* v a iy  favourafaly, th jM  f<»* e la y  are ra th ar s a a l l  f o r  the b a sa l 
bouJUlsr bad. Th« pnoeitjr o f clay  In  th is  horis<m i s  a ls o  eoiihaslsed whan 
th« d ata  i s  ooi^>arad t o  th a t  g iv sn  bgr Orelmntilm and iteavsly  (f953) fo r  ths 
Lovsr T i l l s  along tha north shore o f  th s  Lake tiiris. Ths low e la y  psroentags 
Can be explained  on the assumption th a t  th e  o r ig in a l  t i l l  was s l ig h t ly  
raworiced fcy w ater d uring i t s  d e p o s itio n . i>ince ths aand content in  t h is  
horison  doas not d i f f e r  nuoh Aroa th e  v a lu e s  given  fagr o th er  workers f<rr true 
t i l l s ,  i t  fo llo w s  th a t  the stre n g th  o f  th s washing agenegr was so sm all 
th a t  only th e  e la y  p a r t io ls s  were reaoved.
The H ie ra p e tro lo g io a l study o f  t h is  fr a e t io n  a ls o  shows th a t the 
rock i a  ta x  t o r  a l l y  and coHf>oaitionaIly vexy in aatu re  and i s  coq>ar£ble to  
th e  M atrix o f  t i l l i t e s .  The shnrply an galar naUare o f  the heaiy a in e r a ls ,  
t h e i r  ooi^}arativttly h igh  oonoentration  and the preaense o f  on iinarily  unstahla 
M ineral s p o c ie s , such as a c t ln o l i t e ,  t r s B J l i t e  atii e p id o te s , a lso  aupport 
th e  above co n clu sio n .
I t  Nay be concluded th a t  th e  b a e a l bouldar bad l a  a tru e  t i U i t e  
and th a t  the M ateria l c a n s titu t in g  i t  has nut beon turned over by flood  
a ctio n  as Foac (lo o ,  c i t . )  hud assuaad. Malt w aters seeping through the 
fr e s h ly  d eposited  t i l l  ««ere in  a l l  p n ^ a b il i t y *  r e ^ o n a ib le  f o r  winnowing 
away o f  the c la y  oontanfc. There are in d icfttion a th a t lo c a l ly  on a 
a a a l l  a c a le , th e  t i l l  was reworked bgr g l a ^ l  a treaas, thus ii^>artlng to  i t  
th e  c h a r a c t e r is t ic s  o f  a f l a v i o - g la c i a l  g ra v a l hare and th e r e .
(108)
Proveiwuw
The l i th o lo s r  of th« coarss fm etioci lusl th e  K icropetroX t^ aad 
te sv y  w lm raX  stud ivs o f the  f in e  frao tio n  throw ccMisiderable l i^ h t  on the 
nnture o f the  rcxdcs which have supplied the M nterial o o m titu tin g  the basal 
bouMer bed. The l i th o l< ^ e a l  oaaposltion o f ths co»rse fm e tla n  shoMS 
th a t the bulk of the deb ris  i s  o f loon l o rig in  and has been derived tr'^m 
the  neighbcxiring Archaean rooks. Sinoe the rooks oeeurring srootKl ths 
IJeiKxiar ?alls]r C o slfleU s ▼ary in  th e i r  ohajmoter, th s litho logy  o f  the  
eaiurse fm eti<m  i s  nut hoaogeneous throughout. I t  i s  i«i|Mrtant to  note, 
however, th a t  ooeasi >nal frag asn ts  o f Vindtgran f|aarta ite  and red Jaspar 
breceiH of the BtJaM r se r ie s  are  o ften  present in  the d e b ris  iad ieo ting  a 
very Klnor adadxturs o f r^cks b ro u ^ t  from a d is ta n t  a rea .
A d iffe ren t conclusion is  reached v^en the fine  fr«otion of the 
boulder bed i s  eocanined. This fraeticm is  extrenely unifcMra and hosogeneous 
with n ^ard  to  i t s  tex ture and coifKMition and i t s  eonstituemts bear no 
r e l a t i jn ^ ip  to  those of the nei^bouring rodcs. This frwotion CRnnot be 
of lo ca l o rig in , fo r  in  th a t case i t s  character wuuU change froa  one lo ca lity  
to  anothsr According to  the nature of the bed rooks. The source of the 
■ atrix , therefore , is  in  a l l  probabilitor Quite svMie distance i^>strea«.
Svidmce has been cited  e a r l ie r  to  prove th a t the bulk of the natrix  
has been forasd as a re su lt of crushing of shale, s la te ,  p h y llite  and green* 
stone fragMints. I t  is  reasonable to  su^iest tlia t thssa f ra g n n ts  Msre 
brought from  f a r  o ff plaoM and were orushsd during g la c ia l transport to  a 
paste which now f  vnm the matrix of the boulder bed.
(109>
ItM h«A«3r ndiMrals o f  th is  f r» a tio n  IndlofitQ th « t tho soure* mraa 
■ust hnva bMMi o f c<>HplaK petrology and prohnhljr eofi»i«t«d u in l j r  o f 
hl|[h And low gmd« M t«»arphle rooks auoh as gnei»M8 and gamat> ac tlno liU i, 
aplilatfl and e h lo r ito  seh ls ta  lud s la ta s .  A sn a il  proportion 
of th s  K ite r la l  was p r A>tii'i9 dorlvad f ro a  s i l i c l s  p lu tonio  bodies and s«di- 
!S»ntBC7 rseks.
D iraction  o f u la c iT  laoyenent
In  th s  abs«iiB« of striA ted  pavsosnts in  th« arsa« fKbrie analysis 
providss th s  o n l/ r s l ia b ls  elue to  th a  possib le  d ireo tio n  of ths g la c ie r  
■oreosnt during the  deposition  o f ths basal bcxilder bed. I t  has bsen shoi«n 
e a r l ie r  th a t  tiie asan fab rio  d ire c tio n  i s  |47<’27' (M 32'^33* tf -  S 32*^3* S). 
3inee th e  rsg iona l p a tte rn  o f th s  fa b r ic  i»  very unif^jnt thrcnigh^t the 
DaMdar Valley S oalfie ld s and baking iot>^ > Ci>nsideration the  fa b ric  pa ttern s 
i t  nay be suggested th a t  the  g la c ie rs  aaved approxioately from tlva north­
west towards the  sou th -east d irso titm . I t  i s  in te re s tin g  to  nate th a t 
Gee (t932» p> 37) suggested a s i a i l a r  d ire c tio n  o f g la c la r  taavensnt but no 
< tasntita tive d a ta  wis given tagr him in  support o f h is conclusions.
THS UPPm  aCULQBH
I t  has been sho«n e a r l i e r  th a t  s ig n ific aJ^  d iffe ren ces e x is t  betueen 
the  b asa l and the  upper boulder beds and i t  was aug e s ted  th a t  probably d iffere;
(lio)
a£«nei«8 Msra rsspansib l«  fo r  t lw lr  fu raa tio n . Th> prss«no« of 
" f l a t  iron" sh^9« i p*teJL«s a»l cobblM o ften  v ith  s tr ia te d  aarfaees lid ie a t*  
th a t  the d eb ris  o f the  upper bouM er bed i s  of a l t i a s t e  g la c ia l  o rig in , 
but i t s  o th er characters esqilained below Hake i t  doiOitful i f  th i s  horison 
represen ts undisturbed o rig in a l iioralnes.
The Talues fo r  aean roundnsss of rfuaztcite pebbles aivi cobbles 
enclosed in  th is  h jrition  vai7  f ro a  0.5tO to  O.61O sol are  cooparable to  the 
average value of 0 .5^  given Iqr Knudsein and Sloss (loc» c i t .« p> $3) fo r  
g la c ia l  outwnsh gravels* but the values are  higher as c:>^pareci to  those of 
tn ie  g la c ia l  pebbles and cobbles.
I t  i s  in te re s tin g  to  note th a t  fiv e  out o f s ix  fa b r ic  d iagraas o f 
th i s  horison are s i a i l a r  to  type p a tte rn s  111 and IV. These p a tte rn s are 
coeparable to  thoee given bgr Schlee (t957) fo r  f lu v ia l  g rav e ls . Only one 
diagram reseoblee tjrpe H  as the  long axes of jiebbles end cobbles Atm pre- 
f e r e n t ia l i j  o riented and shov a tm dency to  an upeurrent id b riea tl< ^ . 
Moreover, th e re  are two c<»ispiettous trsnsverM  sub^aaxiOB present in  th i s  
t /p e .  I t  has been wsntioned e a r l i e r  th a t th i s  p a tte rn  i s  Id en tica l id th  
thoee given Igr Holass ( t 94f)  and (larrison (lo c . c i t . )  fo r  g la c ia l  t i l l s .
I t  i s  a lso  Ij^M rtant to  note th a t  the  u } ^ r  boulder bed shows a g rea te r 
s c a t te r  o f the asina tho l d a ta  as etmptmd  to  Um basal bad. This agrees 
c lo se ly  vLth th e  find ings o f Krunbein (l939« p . 70 l) who noted th a t g la c ia l  
autwKsh deposits show poor o rlm tr-tio n  o f the *a* axes as ooopared to  the  
t i l l s  because "the rapid deposition  of the pebbles f ro a  th e  autwash waters 
r^isulted in  a wide s c a t te r  o f the  pebble axes".
( I l l )
I t  i s  e ls a r  from t t«  abovw th a t  the fa b rle  o f th e  upper bouldsr 
ted shova tiM •■ s« tttl« l fea tu rso  of a Mat«r-8orted g ravol. Urn rem anta 
o f the o rig in a l t i l l  fa b r ic  are  prnservtsd oeoaalonslly , ind iea ting  th a t 
th e  deb rie  la  o f u ltiS B te  g la o la l  a rig in  but has been turned over bjr water 
ao tion .
The d a ta  ^n the  oMehanieal eoi^xMiitlian of th le  horlison aleo  «q>ports 
the above eoneluslon. The average aaad imd cIaJ contertba of the fin e  f ra e tlJn  
are 72 .76^ a n l  reapeo tively . A cam purlatxa of th i s  d a ta  with th a t  of
t i l l s  in  ot!w r p a rte  o f  th e  world shaxe th a t  the  sand content o f  th is  horlz<Hi 
is  abnonalljr high and the e l ^  content veiy m ch lower than i s  noraally  
p resent in  t i l l s  (Uaden» I9 t4 ; Knaafcein, 1933; Kajr end Grahan* lSUi3;
Heeken nnd o th e rs , t% 7; Sheiks, t953i Oreimmis »nd fiaaveljr, f953)« I t  
i s  soggested th a t the  ngenagr o f runninr: water was responsible fo r  waitfiing 
awnj the fine  p a r t ic le s  o f th e  o r ig in a l t i l l .
The presence of cross-bedded s t r a ta  in  the upper boulder bed is  
another evidence in  support o f the conclusian th a t  thti agent;/ of rumting water 
WHS responsible fo r  washing the o r ig in a l f a c i a l  d e b ris . These s t r a ta  are 
d is t in c t ly  tm ter so rted , containing only 2.8$^ clay an an average and enclosing 
rounded to  w ell rounded pebbles, cobbles and boulders. In  no case have 
th e  p a r t ic le s  been foujid s t r ia te d .  The falnric and s lc ro p e tra lo g ic .il stud ies 
a lso  in d ica te  th a t  the cross-bedded horizons rep rssen t the c c n p le te lj i«shed 
and resorted  portions o f  the t q ^ r  boulder bed.
I t  a a /  be coasluded th a t  th e  upper boulder bed represents a thoroughly 
Meshed and reworked g la c ia l  t i l l .  The deb ris  was probaUy not transported to
(112)
any eomldersbl* dlatonce as the m u in ts  of t i l l  fAbrle «r« ooeasionally 
pr«M nr«l. Th« g lae la l strBiuu ew rglng out of th» recading g lao lsrs vmtb 
in  a l l  probability  m aponsibli fo r  th* foraation of the cro«8-bedctod 
horisona.
Hroyennnee
Th* lithology of t^ts eonrsa frac tio n  and th<f adora-potrolDgieal 
studies of the fine  fraoti->n shjv th a t the boulder bed does not d if fe r
iwoh froa  the basal bed in oao|x>sition. Oetailed studies have shown th a t 
in  th is  horixon also the debris eonstitu ting  the ooarse frac tion  i s  of local 
o rig in , Mhile th a t constitu ting  the fin s fraction has c<xsb frc»  long distanos 
upetreaa.
The s ia ilA rity  of eu^positiori between the two boulder bsds could 
a rise  e ith e r as a re su lt o f m  adadxture of the U{]|>er t i l l  with the lovtei* 
t i l l  o r as a re su lt the fa c t th a t th i g lse ie rs  travorsed the saas area*
As the two horisons are s^Barated froa  each other Iqr a e<Hisiderak^e thickness 
of ^ a le s  and sandst<)nos« i t  i s  u n lix e lj th a t the m aterials of the tw> 
horizons have aixad up. I t  i s  Hors lik e ly  th a t the lith o lo g iea l s i a i l a r l t l s s  
between the two are dut- to  the fa c t th a t  both the bouikier beds deriired th e ir  
a a te r ia l froa  a aore o r le s s  eoianon source.
Oirection of sediBwnt transport
The asan d irection  of preferred orientntiori in  th is  horixon as
(113)
ind ieai« i bgr t t e  fAbrie dia^niBs is  81^20* (N 3lO20* S > S 3l<i20* 4).
T«kli^ th» dlraoti<M o f prsfvrrvd  o rix n ta tiu n  aa sa  index of Um diree tian  
of sadiiasnt trr<nsport and also taking in to  oooaid«ration th« fnbrio 
pa tte rn s, i t  i s  sugi^stod th a t the ice sheet th a t deposited the upper 
boulder bed wsved a|^roaciin»teljr from the Meet t  iwards the east*
I t  is  infcerssting to  note th a t the aean fab ric  d irec tion  in  the 
er^ei^bedded horixons i s  a?** (M 89^ B -  3  89^ w),  in d l e a t i i ig  therrtqr t h a t  
the regiaual slope of the area during ths earlgr Talehir tin e s  was also frjsi 
MSSt to  ea s t.
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The above stu^X has brmtght to  l ig h t  SJae fac ta  which appear to  
have an iaportAnt bearing on th e  reo tm structlan  of th e  geological conditions 
p reva iling  over the region of the  Daoodar fallegr C oalfields dttrin^i the T alehir
tiSMS.
Sediaentati^m s ta r te d  in  th ie  region with the  deposition  o f the 
basal boulder bed by an ice  sheet *4iich had pribabijr awed in f r ^  the north- 
Meet. The g lac ie re  then receded, scooping a it depressions which wsre f i l le d  
up Igr a e l t  watere and l a t e r  recsived th e  deposits  of f in e  n » te r is l  b ro u ^ t  
t(f noaerous g lao ia l strB aes. Tlw varved T alehir sliales probably rep re sm t 
th is  phase o f deposition . The presence o f  pebbles and cobbles in  these 
f i  eljr laB inated shales indlcfttes th a t th s  la rg e  fragaan ts wers rafted  to
(114)
tiM s i t*  of depoaition  Igr the  ngenoor of d r i f t in g  io« . As tha basins xers 
g m d u a ll/ f i l l s d  up find bsoane shallow sr, Ju ti«sh  sands wsre dapositad whidi 
now oonatitttta  tha  aandstjnes. Tha lythA in  aad iaan ta ti m indie«taa th a t 
rapantad subsitlanaa and alaYati:m  wara probsl)!/ fraquant.
After a lapse of eonsidaralils t i is s , i t  Appears tfia t another ioe~ 
aheet Kved id tu  th i s  ra t io n , th is  t ia a  from the west. I t  i s  rmrf likeljr 
th a t  during the  recession of the  f i r s t  ioe sh ee t, s j^ms ehangpa in  the lev e l 
■>f the eountxy on a reg ional senle had a lrs e d / t«k«n piaoe liiieh  c h a iv ^  
the  d ire c tio n  of approach o f the  second ioe shset from north>west to  west. 
That such changss in  lev e l on a  regic«ial scale  due to  glt^eial la s ltii^  can 
actualljr take p la w , i s  ^Unom by th e  s tud ies  o f Gutsnberg (l933). He has 
sftom th a t  in  the  recen t p as t t i l t i n g  upvard in  a iKirtht^^rljr d ire c tio n  hae 
talosn plMce in  the rei^iJD o f  the Oreat l«kes faj about tO cai. per lOOO kK. 
per cen tury . S iv ila r  chan£;es alang the  P ac ific  and A tlan tic  coasts wars 
a lso  noted bgr h ia . Itiia  n u tto r c3ncluded th a t t i l t i n g  due to  g la c ia l  
asltinf{ tocA place *^ue to  foroea which tend to  re s to re  i s o s ta t ic  ecu ilib riua*  
distuxtied bgr th e  nMilting of ioe a f te r  th e  ice  ace".
The s e c ^  ice ehset deposited Uie upper boulder bed on top of the 
sand whi(^ had f i l l s d  up the basins. Considering the s a a ll thickness of 
th is  boalder bed ($-tS fe e t)  ani the fac t th a t i t  i s  very >.tich reworked, i t  
Appeara lik e ly  th a t the ice sheet was th in . As the c liiia te  wsrasd up with 
the approach of the Barakar t ia e s ,  tha g laciers (|oickiy aelted away giving 
r is e  to  nuoerous streams whioh alnost coepleteiy reworked the  u i ^ r  boulder 
bed and iaparted to  i t  the eh arac teris tio s of a g lac ia l outwesh dsposit.
aONCART AB COKXZISX )X3
A d a ta lU d  p«trogra|rfile uni fab rlo  study o f th« TaXshlr ba«l<l«r bad 
has bssB undsxtakaa and an a t ts a p t  has b««i t o  s s ta b lls h  i t s  lu tu rs  and 
o r lg la  in  th s  !>aaodar Talligr G oalfislds»
Tbs c o a lf ls ld s  o f  th«  Oaaodar V all^r iaeladls thoso o f RaflicaAj* 
JhariS f BokMro, Hangarti and ifsrth  and Soath Karaqptt*^* sxtond ov«r a
dlatiow s o f aboat l68 bUos* eoaawielng frcm th s  aa«l® sij «<talfisld In  tlis 
•a«t t o  th s  Karanpara o o a lf is ld s  in  tlM w sst. In  tlisss  coa l f l s ld s  th s  
Lowsr Oondwwna ro<dcs ar« si^Mssd but thu Uppsr Gwadiianas urs poorlj 
rsp re sso tsd . Ths T aleh ir s w io s  i s  th e  o ld ss t l a  th s  Qondnana ssqasnos and 
i s  ehA m stsrissd  i f  th s  prsssnos o f a booldor bsd o f Uppsr Gaxtonifsroas ags 
a t  o r n sar i t s  bass.
Ths T aleh ir bouldsr bsd i s  o ftsn  found to  eonsist o f tuo horisom . 
Ons» th s  b asa l booldsr bsd i s  about 90 f s ^  ^5Lek iml oecurs a t th s  te s s  
o f th s  T a leh ir s s r i s s ;  th s  othsr« dasi^matsd as th s  npper bould«r bsd« i s  
about V l5  foo t to ie k  sad ocoors h igher up in  th s  s s r i s s .  Ths t«o  bouldsr 
bsds a rs  sspara tsd  f r m  « a ^  o ther tgr v a iy ii^  th iek asssss  o f sh a lss  and saad- 
s to n ss . Ths vpp«r bouldsr bsd o f trn  eootains I sn tie u la r  eross^bsddsd s t r a ta  
« h i ^  a rs  upto 5 f s e t  th i^ k .
Ths d ab ris  o o n s titu tin g  th s  bouldsr bsds i s  hstsrogsasous in  ohametsi 
and shoMS a  tdds range of pastieX s s ix s . In  o rd sr to  f M iU ta ts  th s  in r s s t i -  
gation* th s  eoarss d sb ris  anl th s  B atrix  wsrs sx—Insd s<^>aratsljr. PartieXss
(115)
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la rg « r  than  4 ■>> d ia a i te r  hav* bMn eom ldarad as foro lag  tlM eoarsa fraetiaa»  
thoM  a a a lla r  than iMm s ia a  e«iprlm i th«  fin a  fraa tion*  lha eona- 
titua iA a o f tha  eoaraa firaotion h«ra bam  atadlad with reapaet to  th e i r  
liU io Iog f, roundnaaa, abapa, a p h a r ie l^  «id aarfaea tax tu raa ; tiim f ia a  
f ra e tia n  haa baro io ra a tlsa ta d  fo r  i t a  o a ^ a n ie a l  eoaiM aiitonf aieropatralagjr 
and ha«v]r a in a ra l eon tan t.
eoaraa dirt>rla o f tha  two bauldar bada axh ib ita  a oomflmc. and 
« u la d  U thcdoir*  P»bbla eouiifta awda a t  a l l  tha  aecaaaible oiqyoaarM riiov 
th a t  tha  awtanorphle roaka eo n a titu ta  th e  aoat abaadant litlK>logie tjp«>
Tha Iflnaoua rodca ara o f 1m s  oohbkmi oaoarranoa aai th a  aadinantaiy roaka 
a ra  poorljr rapraaantad . Tha bulk o f tha  eoaraa dabria  In  both tha  horiaona 
la  o f looal o rig in  aa tha  pabblaa and oobblaa raaaabla th a  a«rraandlng p ra- 
Qoadmnti rooka.' Tha praaanea o f faw p<ri^aa and oobblaa o f TLisUqran and 
BlJaNar a«aa ind ioataa  a  a in o r adatx tura o f rodca darivad fron  f a r  o ff plaoaa. 
!|9 a ja ta a a t ie  rag lonal T aria tlo n  l a  l i th o lo n r  i s  notioaatala.
Souttlnaaa a a tia a tia n a  aaing KmaiMln'a roundnaaa ohart* bawm baan 
aada on ona hondrad pabblaa and oobblaa o f qfuartslta bati<aan ineh and 8 
im haa in  d ia a a ta r , a t  aaah a a a p lli^  lo e a l l ty .  I t  ia  obaanrad th a t  tha 
q o a ita ita  pabblaa aod oobblaa in  th a  vppar booldar bad and tha eroa»>baddad 
horisoaa ahow a b a tta r  rounAing o f th a i r  adgaa aa eoaparad to  thoaa o f tha 
b«aal bad. Tha aaan roundaaaa o f tha  p a r t ic la a  ia  tha baaal bad ia  eoa|»arabla 
to  th a t  o f t iU s a  Hhila in  tha  v i f ^ r  bouldar bad and tha  eroaa-baddad horiaona 
i t  ia  e<Mqparabla to  th a t  o f th a  pabblaa and oobblaa in  g la e ia l  OBtmsh 
dapoaita .
<I17)
About 5-lOSi o f  thm pebblss «sl oobblra raeloM d in  th» b « ia l boulder 
b»d aro flatF>inMi shftpod* Whilo o n lj  o f  tho coM tittM nts in  the «pp«r 
bod aro o f th is  ahapo. Tho Ijtrgo pA rtielos of tho eroao-baddod horisona 
•how poor dovalx^Mwnt of tho  fo ee ttad  fo raa . Tha ahapa data  in  taxva of 
tha  Siagg poroaatajjas revoala UmI no ^ fa taaa tio  v a ria tio n  ia  praaant in  tha 
baaal booldar bad. Tha «ppar boaidar bad axxt tha eroaa-baddad horiaMia 
ahov an incroaaa o f a p tw i^ a l  p a rtio la a  and a daeraaaa o f proXata p a rtio laa  
tram  vaat to  a « a t. Thara doaa not aocist siiQr a ig n ifio an t T aria tion  in  tha 
a i ^ r i c i t j  valuaa o f th a  largo  pariioXaa in  tha d if fa ra n t  i» r ia (« a . The 
d a ta  ravaala  th a t both th a  bouldar bada are o f u l t ia a ta  g la c ia l  origin* but 
tha  uppar cma and tim  eroaa-baddad horisiaiia appaar to  hava bean raworteed b j  
g la e ia l  a tra aa s .
Qnlgr a e a a ll  pareentage of th e  s<Aed paUslee have bam  found to  be 
a tr ia te d .  a tr ia e  are  in v a r id s l j  eab»para lla l to  tha loi% axia of tha
pebblaa and o o t^ lae . The g z ^  and randoa p a ttem a  are  ean^isuaueljr abeent 
trrm  the  eaoothed eurfaeee. Thsee fea tu rea  irtiow th a t  the  ab ria tio n  p a tte rn  
on p tbU ea and cobblaa h«a been produced Igr g la e ia l  a e t im  and not rirmr^ 
io e .
B i ^ /  aaafdLea o f tha  f im  f ra c tio n  fr-w  th e  d if fe re n t  lo c a l i t ie a  
have been analjeed fo r  U te ir ■eehanieal e<»v>oeiti<>n. Thie fraotiem  in  a l l  
the  horiaona o f the boulder bed i s  poorly aorted and ahoiia a po ljaada l aize 
fr«<taen(qr d ia tr lb u titm . S t a t i a t i e a l l j  th e  f in e  frae titm  o f the basal bed 
ia  f in e r  g raim d aa eoapared to  U iat o f the upper one. Thia frac tio n  ia  
ooaraeat in  the  eroee~bedded horisona. The d if fe re n tia t io n  betMoen th e
( n « )
v u lo u a  faorisonB on th e  bM is of t t e i r  sand, s i l t  sad elny e<mt«nt«, bM 
bssn fouad v a lid . Tha tsK to ra l eoaposltion of tha  fina  frac tio n  o f tha  
boulder bads la  hoagsaaaoaa. I t  la  in ta ra a tio g  to  mste th a t  tha  teacUurnl 
ooapoaltlan of tha  baaal boulder bed la  ooaf>arabla to  th a t  o f t i l l s ,  i^X s 
in  the  tqppar boulder bad i t  rmmutlmm th a t  of tha g la e ia l  a u tw i^  depoelts.
Ths a ie ro p e tra lo g lea l s t v l j  o f  the  f in e  fra c tio n  shoi0 th a t  i t  la  
ta x tu rB lIj and eoapoaitionally  i« aa tu ra . I t  haa the  e«q;Kwition o f a g r ^  
vaoke. Soft rook fragoM ita have aubatan tia lljr contributed to  th e  foraaticB 
o f th e  o a tr ix . The f in e  frae tl'sn  o f the croaa-bedded h o rltm a  la  arkoaio 
o r anb>gr<ijrMcka-*llka and represen ts the  reworked portiona of the  upper 
boulder bed.
The heavj B ineral s u i ts  o f th e  d if fe re n t hori«<Mui of the Talehir 
boulder bed flhow aloae a ia i l a r l t ^  with one another. O am at, s lrco n , ep ldotes, 
and o p a i^ s  occur in  a l l  horlsona. A ctino llte  and t r a a o l i ta  are  f a i r l j  
eosHon to  abundant in  th e  iqiper boulder bed and tha croa»*4>edded horis^Mia, 
but are abeant l a  the  baaal bed. 8^ >lxlotea and toum alina  occur aore cosaonl/ 
in  the baaal bed, W iile sloaa and c h lo r ite  pradonittiite in  the  upper bed and 
th i  croBa’4>edded horlsona. I t  i s  sut^gested th a t  tha provenance o f tha t«o 
boulder beds in  the  eaaa aod th a t  tha aouroe area conaisted e sae n tla llx  of 
high and low grade aetaaorphic rocka. A a a a ll  proportion o f  tha M aterial 
«aa probablj derived from a i l l c l c  p lu ton le  bodlee imxI aedlaantarjr rocks.
Tha ■cnauream t of the orieiA ation  o f 3000 long axes o f pebbles and 
cobblea froai the various eiq>9sures show  th a t  thejr are p re fe re n tia lly  orien ted .
(119)
Th* fa b rie  o f ttui bas«l beuld«r bad shoM cIom  s ia l la r i t j r  to  t i l l  fabrie^  
lAUa t l u t  o f th« tq»p«r bod and th« eroaa>boddod horiiKXio i s  o ljs ila r  to  
f lu v ia l  gravol fa b r ie . 'Rio aaan fab rlo  d lroo ti< «  o f tho b asa l botUdw 
bod la  appraaciaatolj lliKSB whila th a t  of tho uppor bed mid tbo  oroaa->bedded 
hoxlBana la  jEhkb
On tba baaia o f th ia  a tu d j i t  la  eoaoluded th a t  the baaal boiildar 
bed is  a tro e  t i l l i t e  t^Ubeh has be«D s l i ^ I j r  vw^rkad  bgr g l^A ial va te ra .
The le e  sheet th a t  deposited the  baaa l boulder bed probabljr aoved in  fro*  
th e  nortb>west. Th9 g la d a r s  then  receded leaving behind auaerous lakes 
Whieh served aa baaine o f d e p o e itijn  fo r  the  f in e  a a te r ia l  brought in  bgr the 
g la o ia l a traana . The ehalaa and aandatonea aeparating th e  tvo  boulder beds 
r ^ r e a e n t ,  in  a l l  probA bilit7 f th ia  phase of depM ition . The raeaaaion of 
the iee  aheet m s  prob«b3jr a laa  re^soneible f o r  a a l i ^ t  ^umga in  the  lev e l 
o f the region. A aeoond sheet o f  loe th m  w e d  in to  the  area from  the 
iieat and depoeited the upper boulder bed. This horiaan waa thorouj[hljr re> 
woxtod bQT g la e ia l  a traaas lund the  e h a ra o te r is tie a  of a g la o ia l outtmah deposit 
were impressed upon i t .  The oroeo-bedded horisons represent the complete}/ 
MBahed and mworkad portiona o f  the  upper bouU er bed.
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P X ^  t
P i« . 1 • A tgrplttal v lav  o f  an ^  t t e  bstaX b o u lte r  bod shoi«iag aa
ojoooriod and u m tra t i f io d  angular to  subraaaiod dotoia Iriag  
l a  an abuadarit f in o -g ra im d  a a ir lx .
Oodhi rlvor eo ttiq g  aboat i i  a iloa  «p-»troaa from  road brldga,
NMt Bokaro ooalflo ld .
P i( . 2 . A olooo-«9» o f aa otttorop o f tba basal booldar bod sboidLag ymrj poor 
aortiag. Pabblaa, odW i^iw aad boulders of ast«Borptaie renks aro 
aafcsddsd la  aa aboadaab flas-graiaod eoiipset trnAriXm
Sirsaa aattiflc about i  a lio  oast o f Baio sta tio n , Xaraapora
ooalflo ld .
PUTS 2
Pi<. 1 .  A rimw o f tfas oppsr bouldor bsd showing rouated to  mtb^aagalMT 
pobblos and eobblos oiAoddod la  a dark, I0000I7  ooapaetod 
■ a t r ix .  Tbo bouldor bsd sIiomi omdo stra tlflsa tlo n .
Balliagr eattiag aboat t aU^ oast o f (aiaadrafiara stati<m» Jbaria 
o o a lfio li.
P ig. 2 . A goasral viov o f tho uppor bonldor bod sboidaK s  orate s tr a tlf i-  
catloa o f tho aaU lx . n o  1 « «  aacoo o f tho aajorltgr of 
pobbiss and oobblss ars piofsrsntiallgr orlontod.
Tribtttovx of tho Oodhi rlvsr about f i  a lia s M st o f tho road bridgs, 
'*st Bokaro ooalflo ld .
PUTS 3
Paoottod flatp'lroa shiytod psbhlss oaelossd la  ths basal boulter 
bod atewlag poatag^Etel> <f»i!raagular and triangular oatliasa. 
(Aboat half ths aatoral s in s)
(129>
Nic»>*PuafraoiuPHs 
basal bjuldk  k d
PUTS 4
F ig . 1. P iw  f r s o i io a  shmdiig w q r  poor so rtin g  aisl an ataondanM of fia»* 
gndaod e h lo r i t io  m t r ix .  (2U«r cioaris tnd  ta rb id  tmlmptr 
g ra ins tA id i ar«  sharpJi/ angolar to  sab>angttl«r HakB up tbm 
In ik  o f th a  fnyasvork. k  wida aad o<Mafelmaus ranga o f p a rtic la  
aiaa i s  nota Mortiqr*
iisar Rar a ta tia o  along railwajr o o ttin g , Morth Karaofxira eoaXfiald.
(x 4 0 )
P ig . 2 . Pina fm e tio n  sbOMing y r j  poor so r tiz ^  and an abuadanoa o f pMta> 
Xika e h lo r i t io  a a t r ix .  v,furts g raiaa  ara ahavpljr angular 
nUXa fa lapara  ara  snb>«kgalar. A f ra ^ sn it  o f p ^ l l i t a  a t  
th a  top 1 ^  eo raar ia  roaadad Mhila a q u a rts ita  fmgaan^ in  
tha  ean tra  i s  « ig u la r . A idda and eonbim aos ranga of p a rtio la  
a la s  i a  o tia rao ta ria tia .
South o f Chapri» South Karanpura ooalflaltl*  (x ifi)
Pig* 3* P iaa f r a e t ia n  alioHing poorljr aortad* angular dabria  with a  idda
and oontinaoua ranga o f  p a z tio la  a is a .  (^aarts graina Mith 
ah arp l/ angular o a tlln aa  are vaiy camxm, A fragaaat of 
ahala a t  lOMsr rig |it-hand si*ia i s  sub-roundad. P a s ta -lik s
Matrix i a  abundant.
Diadhi r i ira r  aaotion about tj| aU aa upa traaa  from ro i4  bridga* 
i* a t Bokaro e o a lf ia ld . (x ifi)
p ig . 4- Piaa finftstion aho%dng rm rf poor aorting  and an abundlanea o f e h lo r i tie
■ a trix . A la rga  quarts g ra in  in  tha  lo n ar a idd la  porticm ia
sub-roundM and *sanbbad" a t  th a  lowar aarg tn i th a  awall qaarts 
grain* ara a h a ip l/  angular. Palspars ara  aqgnlar to  8ub>*rottadad 
ifhila a  graanatona fTagw nt a t  th a  loMar laft>hM d eoraar iji 
aub>rouBlad. Rarginal raplaoaaaat o f q aarts  g ra iaa  ^  tha  a a tr ix  
i s  saan ia  th s  upper rig^itr'hand p a r t .
S treaa  eutting« Mist o f Puob» Baasertt e o a lf ia ld . (x 40}
<130}
<l3t)
PUTS 5
1* Flm fn tiio a  •boning » p<»r3jr «oyt«d tebrU idth « wid* «ad 
OQoiimoaa o f p « r t i« li»  s ia * . SharpJij aagalar to  sub-
roondocl f ra s a ra ts  U a  la  an atmadant e h lo r l t ie  B atrix .
Jaawnla rLrmr aaetiaiia about 3 Atrlonga from th a  aharp taaad ia  tba 
rirm r, Jh a rla  a o a lfU ld . (x 40)
F ig . 2 . P lm  fra a tio n  ahatAng aboadaiit o b lo r it ie  a a t r ix  l a  niiiah ara aeattarad 
ab arp lr aagolar f r a ^ m ita  o f c|Barta. Altorad fa lap ar graiaa 
l a  th a  laft-baiKl e« stra  arm rooadod to  sub'rouadad.
to r tb  o f f a tn l ia ,  KaaigaaJ a o a X f l^ .  (x 40)
P ig . 3* A la rg a  a l a t j  fragawat «dtb ragolarljr axraagod opaqtia lae laa l(« a  
(?  U a a a lto )  aho«a a d ia t l a e t  aad nacAditoratod a a t l ia a .
Cloar <fUirt« fa lap a r g raiaa  i a  the  lOMar p a rt ahow aonap icttoaa 
aa rg iaa l rafOaoaam t fagr tha f ia a  c b lo r i t io  aatrSx .
JaaKBia rlT a r aaotioa» about 3 XUrXonga from tha i*harp band i a  tha 
riwmr, Jh a rla  ooaX fiaU . (x 120)
Pig* 4* A la rg a  aohlatoao fragaaafc ahoniag afT asta o f fla tt i a  raaponaa to  
praaaoro. Tba fragaaa t la  apindla ahapod aad haa bant rooad 
th a  i |aa rta  g ra ia  l a  tho lo u ar p a r t  Mhlla flovaga ia  elaarljr 
aaM  la  th a  top a ld i la  and loMar lo ft-h aad  parta  v tera  i t  haa 
baea atfiaaaad batwaan quarts  g ra lna .
S traaa  o u ttla g  i^KMt 1 a llay  North o f Dharvaljrat Sa«garh eoalfial4*
(jc 120)
PUTS 6
P ig . f .  A la rg a  fragaaa t o f ahaXa along tha rl^*>hafld odgo aad two a a a lla r  
oaaa to  th a  l a f t  o f  I t  afp9Br to  hava flouad la-batnaan tha 
aora ra a la ta n t q oarts  graina- Tha a a a lla r  g raiaa a ra  vaiy aoeh 
ahaarad a a i ,  a t  pIao«a, aarga in to  tha  a a tr lx .
About a a l ia  aorth-*wMit o f Dha r^atljra« iEia^gaxli c o a lf lo ld . (x i20)
(132)
P ig . 2 . Aa •loogst^d «iid f n « w n t  slial* bM t «ro«uad aa idi«iljkr
qjoarts g ra ia  and showliig eoiiaidttnl>I* d ls to r i ia n  dm  t o  floMagc. 
A l«rg« orthoolaM  gra in  a t  tba top la ft^h an l aid* i s  eoi|)lata]jr 
k ae lla lsed  and aargaa in to  t t e  a a tr ix .  An angular <|aaris g rain  
in  th a  top  o an tra l p a rt oontaina auaaraoua n in a ra l in lu a io n a .
About a a i l a  aorth~uaat o f Oliavai/a» % agarh e o a lf la ld . (x 120}
F ig . 3* A la rg a  frag a n tt o f oM .oritia  ahala aszging in to  th a  a a tr ix .  f te  
booadaxy batnaaa Um two l a  v a i j  ia d la t in a t .  T ax tu ra llj and 
eoapoaitionaU j th a  a a tr ix  ia  iRdistigaiatud>lB trom  th a  roek 
frag aaa t.
S traaa  ou ttin g  MMt of Pam , BaagMii ooedLfiald. (x 40}
F ig . 4 . A e h lo r i t io  roek fragaent oeeu|grii« the  c e n tra l and upper parta  
ia  hardV  d ia tiag a ieh ab le  f ro a  th e  a a tr ix  id th  whioh i t  ehova 
reaarkable t a x t a n l  and ooi^poeitimial a ia i la r i t j r .  Ih ia  ia  a 
o laa r  evldaaoe o f  th a  a a tr ix  haring been derived aain ly  f r »  
the cfuahing o f roek fragpainte.
About a a i l a  ueet o f Rajr e ta tio n  along railiagr tra e k , iforth
Xaraqpnra e o a lf la ld . (x 120)
PUTS 7
P ig . 1. A la rg e  bunoh o f  aoa^yrite  flakM  i a  a  poorly amrted angular deinda 
evMiaiatiag e a e e n tia llp  o f q ^arta . Tba flateaa are  bent and 
ahow fngpwl e irie . Tbm a a t r ix  a a te r la l  hae penetrated aloog 
eleavage planee and haa ermi phgraiaally diavapted a few flakae 
along theae planea aa aeea a t  loner le ft-h an d  conm r. Thie 
iad inatee  th a t  the  flakae a re  of d e t r i t a l  o r ig in . A qoarts 
g ra ia  in  th e  apper c e n tra l  p a rt o f the  bunah id th  uhioh thiqr 
are  intergroMD auggeeta a  p e a a ti t io  aouree fo r  ttaia fragaen t.
B injor aeetion  near ra i la i j r  tra e k , Jh a ria  e o a l f i ^ .  (x 40)
Pig* 2 . A la fg e  angular qaarta  g ra ia  irtioving eorrooeion o f i t a  boundarj
bgr th e  e h lo r t t ie  a a t r ix .  th a  boundary of the g ra ia  ia  fbs^r 
and ahowa aamr in le te  o f the  a a tr ix .  Auaeroue aea iea la r 
iae luai'jna  anrat^pMl randoaly and o luatere  o f duaty inelaaioBa 
a re  noteMortbp*
Saet o f Bay a ta tio n  i a  th e  e tre a a  eu ttin g  near railw qr tra d e .
North Karaiqmra e o a lf ie U . (x 120)
(133)
F if • 3* A larg9  aniptlar fr»em m t o f  quarts abotdag r«pl«(»a»nt lagr aiktrlx
■ a t« r ia l . TIm rvplaoad baaadmxj Sm In d ls t in o t .  HuaroiM 
saaX lsr g ra iw  am  • i a i l a r ly  rmplam<i, la d is s tliig  a  strong 
tsndsncor fo r  rso rg en isa tian  of th s  B strlx .
Mist of Poom, Ra^Karti eoalfisL d . (z l20)
P ig . 4* A e h lo r l t is s d  b a sa lt  fragasnft ahowiiig p a r t i a l  rqplaoesss^ bgr t.hs 
■ a tr ix , v h lls  a  p a r t  i s  s t i l l  rouoiad and anjuTfsetad.
ifsar Sagr s ta t io n , Mwrth Xaranpara o o a l f i^ d .  (x 40)
OPPSK SJULOES BSD
p la tb  B
f i g .  1. A g sn sra l vimr o f  Um f in a  fraeti<m  altswing a vazy poorJj aortad
oonsisting  o f abuntlaiit ro<d( f ra ^ H i^ s  and ao tfilar ( f u r ts  grains 
s a t  in  a oldLoritia, pasta -U k a  M atrix. aook fragM nts ara  
roundad bat ttta two o h lo r i t is  f n « a s n ts ,  « ia  on th s  Xsft-liaad 
tfid Mbm o t te r  on ths ri^^it-hand eaotra  ahow in d ia tin e t boiuiaiT  
o o tlin s s . Tteaa a«jr w m stitu ta  a posa ib ls soiuros o f t t e  
aiaundant m atrix s to ta ria l wiildi i s  o f s l n i l T  e o a p o s l t i ^
About h a lf  a i l a  a a s t  o f T sla« lih , M sroul arasf North Karaivura 
o o a lf la ld . (x 40)
Fig* 2 . A g ansra l v isv  o f t t e  f in a  Araotion showing r w j  poor so rtin g  and 
an abundanea o f f in s  M atrix. quarts  grains ara  angular and 
iriiow a oontinuous rangs o f  s ls a  iM ls  fs la p a rs  a n  sob-tftgtalar 
to  rsandsd.
Tributary  o f tha  Oudhl r iv s r  about l i  a i le s  wsst o f t t e  road bridga, 
ilis t SMtaro o o a lf ls ld . (x 40)
Fig* 3* A ganaral vi*w of t t e  f in a  f ra o tio n  ihOMii^ a  poorJjr aortad anipdjir 
dabria  s a t  in  an abundadt d i lo r i t io  n a tr ix . A fragM nt o f 
graphic g ran ita  ahoMlog iatargrow th tetwaan orthoelasa  (kaolinisad 
aisl <|uarts i s  saan a t  tha  rlght~hand top  oom ar.
iU)Oat h a lf  s U s  «ast o f  Chaadrapara railwsF a ta tio n  nsar t t e  bi« 
ftirsaticm  o f tha  rallw sF trao k , Jh a ria  o o a lf ls ld . (x 40)
<t34)
r i « .  4* A gw w ral Tiaw of f lM  fra e tio n  ahowiiig s  vary poorigr »<ntad 
d«bri« ooaaisting  « f aocolar ' f u i t s ,  rotudad f«ls|»ar afld lu v *  
rnmdted roek fragiwafes. l a  the  bo ttoa  ri|(iiV>liatti eoriMr •  
larg*  rode frsgaatit ahOM an In la t  o f ttea a a tr lx  Ind iea tlag  
rap laeaam t o f tha  toramr hgr tha  e h lo r l t ia  a a tr lx .
About two Aurlonga waat o f fo a m  on tha  road to  Pal»» Rawark 
o o a lf ia ld . ^  40)
PUTS 9
Fif* <• A aaffiiflad  v iav  o f  tha  rli^it^hanl bottoak oc»mar o f P la ta  B, fif^, 4 
aboidfv tha  In la t  o f th a  groundoaaa in to  tha ooaraa graiaad 
roak fra saan t ( s r a n i ta ) .  Tha l a l a t  oaonra in  a  la rg a  ortho> 
olaaa g ra in  and ahow th a  ir r a f f i la r  na tu ra  o f raplaeanant*
About tMO fttrlooga naat o f Pomu on tha  road to  Pala* Haagarti 
o o a lf ia ld . (x 120}
r ig .  2 . A o lu a ta r  o f fraah  b io t i t a  flahaa  ahotdng parfao t alaavaga and
aorfad cw tllnaa. Tha flahaa  ara d ia t in a t  in  tha o aa tra l jpart 
o f  tha  el& atar but h a i j  and in d ia t in a t  In  th a  pariphara l piurt 
whara thagr a ra  ind ia ting iti^ tdb la  frcw tha o h io r i t ia  a a tr ix . 
n i ia  ia  probabljr a  produot o f r »«oryata l l ia a tio n  of tha SAtrlK.
About h a lf  a  s i l a  a a a t o f Ghaadrepura railw Bj a ta tio n  a a ^  bifteraatioa
of th a  rmilMajr tra e k , 4haria  a o a lf ia ld . uc 120)
P i ( .  3* A lazu^ qpaarta g ra in  ap p raa iab lj aatan amjr W  tha a a tr ix .  Tha 
o r ig in a l boundary o u tlia a  ia  faably  v ia ib la  toaarda tha l a f t .
Tributarjr o f th a  Dudhi r iv a r  about f i  a i la a  waat o f tha  road bridgaa 
>Hat Bokaro o o a lf ia ld . (x 120)
F ig . 4 . A laxga rooadad g ra in  o f  qoazta ahotdi^ patohaa and rowa o f dua tj 
iao laa io aa . Tha rovk i a  Taty poorljr aortad tiad oontaina 
abundant ^ d o r i t i e  a a t r ix .
About h a lf  a i la  waat o f  Pooau, R a^s*^ e o a lf ia ld . Cx 40)
(135)
CROSS^ BDOBD K X a20»
PUTS fO
pic* t* A gM wral o f  t t e  f im  f n e t io n  o f  Um eroMi-b»<^i«(l borlsom  
showing in ta c t  {raamwatk. TImi d a b rii  i s  r a t t e r  poorly sori«d 
ani t)M fragM Ots ara  roaniad to  atyjular. Goaposltiunally 
i t  i s  a  l i tb i t t  stib-gra/WBOto.
About i  a l i a  «a>t of 7»l«adih, North Karanpan e o a l f io l l .  (x 40}
F ig . 2 . A gfm m nl rUnt o f  tb i  fin*  frae ticm  o f tiMi oros»>badd«d borlatm 
abowiag •  ■ odoratol/ ao rtad , rovndod to  aid>-rattiid«d d ^ r i a .  
O v tr ita l u t r i x  l a  lasa  than SK« CcM voaitionall/ i t  i s  an 
aricoaa.
T rlbntary  o f  t t e  Dodhi r iv a r  aboat t i  adiaa uaat o f tha road
bridgo* Itost Bokaro e o a lf la ld . <x 40)
P ig . 3* A gaoaral ifiow o f  tlia f in a  frao tio n  o f th a  tra n a itio n  aona batwaaa 
th a  eroa»>baddad u n ita  and t t e  anBloaing boalilar bad. Tte 
dabria ia  poorly aoitad» ^ r p l j r  m go la r to  roundad with 
abnadant Matrix (about 2 ^ ) .  Ooa|>oaitionalljr i t  i s  a grajr- 
m e te .
Tmo Air longs sou th -aast of Q iapri, Saat Bokaro ooalf la id .  (x 40)
P ig . 4* A ■agnifiad viaw o f t t e  a a tr ix  o f tha  t r a n s it io n  som batMaan t t e
aroaa^baddad v n its  and t t e  aaolosing booldar bad shoiiing t t e  
a h a r i^  angular natora of t t e  f a l ^ a r  g ra ina . A
roundad g rain  o f  gam at in  t t e  top laft-hand  aida and aub> 
raundad t o  angolar g rains of apidota in  t t e  bo tton  right>b«nd 
eom ar ara otKispieacitts.
i  adJLa south o f Bsokru, lk>rth Xaran|iura o o a lf ia ld . (x f20)
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